Fish assemblages in fished and protected areas of Tung Ping Chau Marine Park, Hong Kong SAR. by Tam, Man Cheong. & Chinese University of Hong Kong Graduate School. Division of Environmental Science.
Fish Assemblages in Fished and Protected Areas of Tung Ping 
Chau Marine Park, Hong Kong SAR 
TAM，Man Cheong 
A Thesis Submitted in Partial Fulfillment of the Requirements 
for the Degree of Master of Philosophy 
in 
Environmental Science 
• T h e Chinese University of Hong Kong 
April 2006 
The Chinese University of Hong Kong holds the copyright of this thesis. Any 
person(s) intending to use a part or whole of the materials in the thesis in a 




This study provides a comprehensive investigation on the effects of protection on 
fish assemblages in A Ye Wan and A Ma Wan of Tung Ping Chau Marine Park, Hong 
Kong. Two study approaches were used to demonstrate the protection effects: spatial 
comparison of fish assemblages between fished and protected areas and temporal 
comparison of fish assemblages before and after their protection in the protected 
areas. For the spatial comparison, reef fish assemblages were sampled by underwater 
visual census (UVC) from summer 2002 to spring 2004 in eight sampling areas 
located at the northeastern part of Hong Kong. These areas included the two 
protected areas, A Ye Wan (AYW) and A Ma Wan (AMW), and six other fished areas, 
Chau Mei (CM), Chau Tau (CT), Coral Beach (CB), Moon Island (MI), Wu Pai (WP) 
and Cheung Shek Tsui (CST). These six areas were subject to different degrees of 
fishing pressure. Results of the spatial comparison revealed enhancement effects of 
protection on fish asssembages. Mean fish density and mean fish biomass were 
significantly higher in protected areas than in fished areas starting from fall 2003 and 
summer 2003 respectively until spring 2004, the end of the sampling period. For 
• 2 i example in fall 2003, mean fish density and mean fish biomass were 3.61 per m and 
26.85 gram per m2 respectively in the protected areas. These were significantly 
i 
2 2 higher than those recorded in fished areas, at 1.86 per m and 9.90 gram per m for 
fish density and fish biomass respectively within the same period. Generally, fish 
assemblage structures of protected areas were dissimilar from those of fished areas as 
shown on MDS plots and dendrograms generated by species density and biomass 
data in different seasons. ANOSIM analysis detected significant difference between 
sampling areas in all sampling seasons. Signs of protection effects were more 
obvious when looking into the list of differentiating species between protected and 
fished areas. SIMPER analysis revealed that higher density and biomass of fishery 
target species, like Cephalopholis boenak, Siganus canaliculatus and Mugil cephalus 
cephalus, in protected samples were important in differentiating these samples from 
those from the fished areas in certain sampling seasons e.g. fall 2002, spring 2003 
and summer 2003. 
Protection effects on fish assemblages were also shown in the temporal comparison 
of fish assemblages before and after their protection in AYW and AMW. Fish 
parameters recorded in the post-protection years (2002 - 2004) were compared with 
those recorded by Tarn (2005) in the pre-protection years (1998 — 1999). Generally, 
post-protection years had higher mean fish density than pre-protection years in both 
AYW and AMW. For example in fall 2003, mean fish density in AYW and AMW 
ii 
were 1.97 per m2 and 4.52 per m2 respectively. These were higher than the recorded 
mean fish density in 1998 (0.36 per m2 in AYW and 0.76 per m2 in AMW). In 
contrast, mean fish species richness only showed weak response to protection. As 
indicated on the MDS plots and dendrograms, fish assemblage structures in 
post-protection years were dissimilar from those of pre-protection years. ANOSIM 
analysis reported significant difference in fish assemblage structures between years 
in AYW and AMW in all sampling seasons. After the protection of AYW and AMW, 
density of fishery target species, like Cephalopholis boenak, Gerres macrosoma, 
Mugil cephalus cephalus and Upeneus vittatus, became higher. This was important in 
the differentiation of fish assemblage structures in post-protection years from those 
of the pre-protection years. 
Other than the effects of protection, fish assemblages were affected by season and 
habitat complexity at the same time. Mean fish density, mean fish biomass and mean 
species richness of fish of the eight sampling areas varied with seasons. Generally, 
lowest value of these three parameters was found in winter. In winter 2003, the mean 
• - 2 fish density, mean fish biomass and mean species richness in AYW were 0.51 per m , 
) • 2 • 1 3.68 gram per m and 10.80 fish species per m respectively. These were relatively 
lower than those recorded in other seasons. These low values may be caused by 
iii 
hiding or migration of fishes to deeper areas during the cold season. In spring, mean 
density and mean biomass of fish increased. Highest mean density and mean biomass 
of fishes were often recorded in either summer or fall (e.g., mean density = 4.52 per 
9 9 
m and mean biomass = 26.56 gram per m in AMW in fall 2003). With respect to the 
fish assemblage structures, ANOSIM test revealed significant differences between 
seasons in all sampling areas. Winter samples were highly dissimilar from those of 
the other seasons. SIMPER analysis further showed that winter samples were 
differentiated from the others by low density and biomass of fishes. In spring, new 
recruits of Neopomacentrus barikieri, Pagrus major and Sebasticus marmoratus 
appeared in large number and this marked the uniqueness of the spring samples. 
Summer samples were differentiated from the others by higher fish density and 
biomass. Results of regression analysis revealed significant effect of habitat 
• 2 i r* . 
complexity on fish density. The highest R value of 0.328 was recorded in summer 
2002. In contrast, relationships of fish biomass and species richness with habitat 
complexity were often not significant. 
The approach of employing spatial and temporal comparisons at the same time to 
detect the enhancing effect of protection on fish assemblages clearly indicates the 
utility of marine protected areas as a tool for fishery protection and conservation. It is 
iv 
the first time that this positive effect has been unequivocally presented in Hong Kong. 
This certainly provides a strong argument for further establishment of more marine 
protected areas in Hong Kong as a way not just to conserve the fishery resources but 
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Fig. 2.88 Results of SIMPER analysis comparing fish assemblages between 148 
fished and protected areas using species density data in fall 2002. 
A. Fish species that contributed most to similarities within areas 
(in order of percentage contribution indicated in ( ))• B. Fish 
species that contributed most to dissimilarities between areas (in 
order of percentage contribution). 
Fig. 2.89 Results of SIMPER analysis comparing fish assemblages between 149 
fished and protected areas using species biomass data in fall 2002. 
A. Fish species that contributed most to similarities within areas 
(in order of percentage contribution indicated in ( )). B. Fish 
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species that contributed most to dissimilarities between areas (in 
order of percentage contribution). 
Fig. 2.90 MDS ordination for the spatial comparison of fish assemblage 151 
structures between fished (F) and protected (P) areas using species 
density data in winter 2003. 
Fig. 2.91 Dendrogram for the spatial comparison of fish assemblage 151 
structures between fished (F) and protected (P) areas using species 
density data in winter 2003. 
Fig. 2.92 MDS ordination for the spatial comparison of fish assemblage 152 
structures between fished (F) and protected (P) areas using species 
biomass data in winter 2003. 
Fig. 2.93 Dendrogram for the spatial comparison of fish assemblage 152 
structures between fished (F) and protected (P) areas using species 
biomass data in winter 2003. 
Fig. 2.94 Results of ANOSIM analysis for spatial comparison of fish 153 
assemblage structures using species density data in winter 2003. 
Fig. 2.95 Results of ANOSIM analysis for spatial comparison of fish 153 
assemblage structures using species biomass data in winter 2003. 
Fig. 2.96 Results of SIMPER analysis comparing fish assemblages between 154 
fished and protected areas using species density data in winter 
2003. A. Fish species that contributed most to similarities within 
areas (in order of percentage contribution indicated in ()). B. Fish 
species that contributed most to dissimilarities between areas (in 
order of percentage contribution). 
Fig. 2.97 Results of SIMPER analysis comparing fish assemblages between 155 
fished and protected areas using species biomass data in winter 
2003. A. Fish species that contributed most to similarities within 
areas (in order of percentage contribution indicated in ()). B. Fish 
species that contributed most to dissimilarities between areas (in 
order of percentage contribution). 
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Fig. 2.98 MDS ordination for the spatial comparison of fish assemblage 156 
structures between fished (F) and protected (P) areas using species 
density data in spring 2003. 
Fig. 2.99 Dendrogram for the spatial comparison of fish assemblage 156 
structures between fished (F) and protected (P) areas using species 
density data in spring 2003. 
Fig. 2.100 MDS ordination for the spatial comparison of fish assemblage 157 
structures between fished (F) and protected (P) areas using species 
biomass data in spring 2003. 
Fig. 2.101 Dendrogram for the spatial comparison of fish assemblage 157 
structures between fished (F) and protected (P) areas using species 
biomass data in spring 2003. 
Fig. 2.102 Results of ANOSIM analysis for spatial comparison of fish 158 
assemblage structures using species density data in spring 2003. 
Fig. 2.103 Results of ANOSIM analysis for spatial comparison of fish 158 
assemblage structures using species biomass data in spring 2003. 
Fig. 2.104 Results of SIMPER analysis comparing fish assemblages between 159 
fished and protected areas using species density data in spring 
2003. A. Fish species that contributed most to similarities within 
areas (in order of percentage contribution indicated in ()). B. Fish 
species that contributed most to dissimilarities between areas (in 
order of percentage contribution). 
Fig. 2.105 Results of SIMPER analysis comparing fish assemblages between 161 
fished and protected areas using species biomass data in spring 
2003. A. Fish species that contributed most to similarities within 
areas (in order of percentage contribution indicated in ()). B. Fish 
species that contributed most to dissimilarities between areas (in 
order of percentage contribution). 
Fig. 2.106 MDS ordination for the spatial comparison of fish assemblage 163 
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structures between fished (F) and protected (P) areas using species 
density data in summer 2003. 
Fig. 2.107 Dendrogram for the spatial comparison of fish assemblage 163 
structures between fished (F) and protected (P) areas using species 
density data in summer 2003. 
Fig. 2.108 MDS ordination for the spatial comparison of fish assemblage 164 
structures between fished (F) and protected (P) areas using species 
biomass data in summer 2003. 
Fig. 2.109 Dendrogram for the spatial comparison of fish assemblage 164 
structures between fished (F) and protected (P) areas using species 
biomass data in summer 2003. 
Fig. 2.110 Results of ANOSIM analysis for spatial comparison of fish 165 
assemblage structures using species density data in summer 2003. 
Fig. 2.111 Results of ANOSIM analysis for spatial comparison of fish 165 
assemblage structures using species biomass data in summer 2003. 
Fig. 2.112 Results of SIMPER analysis comparing fish assemblages between 166 
fished and protected areas using species density data in summer 
2003. A. Fish species that contributed most to similarities within 
areas (in order of percentage contribution indicated in ( )). B. Fish 
species that contributed most to dissimilarities between areas (in 
order of percentage contribution). 
Fig. 2.113 Results of SIMPER analysis comparing fish assemblages between 168 
fished and protected areas using species biomass data in summer 
2003. A. Fish species that contributed most to similarities within 
areas (in order of percentage contribution indicated in ( )). B. Fish 
species that contributed most to dissimilarities between areas (in 
order of percentage contribution). 
Fig. 2.114 MDS ordination for the spatial comparison of fish assemblage 170 
structures between fished (F) and protected (P) areas using species 
density data in fall 2003. 
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Fig. 2.115 Dendrogram for the spatial comparison of fish assemblage 170 
structures between fished (F) and protected (P) areas using species 
density data in fall 2003. 
Fig. 2.116 MDS ordination for the spatial comparison of fish assemblage 171 
structures between fished (F) and protected (P) areas using species 
biomass data in fall 2003. 
Fig. 2.117 Dendrogram for the spatial comparison of fish assemblage 171 
structures between fished (F) and protected (P) areas using species 
biomass data in fall 2003. 
Fig. 2.118 Results of ANOSIM analysis for spatial comparison of fish 172 
assemblage structures using species density data in fall 2003. 
Fig. 2.119 Results of ANOSIM analysis for spatial comparison of fish 172 
assemblage structures using species biomass data in fall 2003. 
Fig. 2.120 Results of SIMPER analysis comparing fish assemblages between 173 
fished and protected areas using species density data in fall 2003. 
A. Fish species that contributed most to similarities within areas 
(in order of percentage contribution indicated in ( )). B. Fish 
species that contributed most to dissimilarities between areas (in 
order of percentage contribution). 
Fig. 2.121 Results of SIMPER analysis comparing fish assemblages between 175 
fished and protected areas using species biomass data in fall 2003. 
A. Fish species that contributed most to similarities within areas 
(in order of percentage contribution indicated in ( )). B. Fish 
species that contributed most to dissimilarities between areas (in 
order of percentage contribution). 
Fig. 2.122 MDS ordination for the spatial comparison of fish assemblage 177 
structures between fished (F) and protected (P) areas using species 
density data in winter 2004. 
Fig. 2.123 Dendrogram for the spatial comparison of fish assemblage 177 
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structures between fished (F) and protected (P) areas using species 
density data in winter 2004. 
Fig. 2.124 MDS ordination for the spatial comparison of fish assemblage 178 
structures between fished (F) and protected (P) areas using species 
biomass data in winter 2004. 
Fig. 2.125 Dendrogram for the spatial comparison of fish assemblage 178 
structures between fished (F) and protected (P) areas using species 
biomass data in winter 2004. 
Fig. 2.126 Results of ANOSIM analysis for spatial comparison of fish 179 
assemblage structures using species density data in winter 2004. 
Fig. 2.127 Results of ANOSIM analysis for spatial comparison of fish 179 
assemblage structures using species biomass data in winter 2004. 
Fig. 2.128 Results of SIMPER analysis comparing fish assemblages between 180 
fished and protected areas using species density data in winter 
2004. A. Fish species that contributed most to similarities within 
areas (in order of percentage contribution indicated in ()) . B. Fish 
species that contributed most to dissimilarities between areas (in 
order of percentage contribution). 
Fig. 2.129 Results of SIMPER analysis comparing fish assemblages between 182 
fished and protected areas using species biomass data in winter 
2004. A. Fish species that contributed most to similarities within 
areas (in order of percentage contribution indicated in ()). B. Fish 
species that contributed most to dissimilarities between areas (in 
order of percentage contribution). 
Fig. 2.130 MDS ordination for the spatial comparison of fish assemblage 184 
structures between fished (F) and protected (P) areas using species 
density data in spring 2004. 
Fig. 2.131 Dendrogram for the spatial comparison of fish assemblage 184 
structures between fished (F) and protected (P) areas using species 
density data in spring 2004. 
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Fig. 2.132 MDS ordination for the spatial comparison of fish assemblage 185 
structures between fished (F) and protected (P) areas using species 
density data in spring 2004. 
Fig. 2.133 Dendrogram for the spatial comparison of fish assemblage 185 
structures between fished (F) and protected (P) areas using species 
density data in spring 2004. 
Fig. 2.134 Results of ANOSIM analysis for spatial comparison of fish 186 
assemblage structures using species density data in spring 2004. 
Fig. 2.135 Results of ANOSIM analysis for spatial comparison of fish 186 
assemblage structures using species biomass data in spring 2004. 
Fig. 2.136 Results of SIMPER analysis comparing fish assemblages between 187 
fished and protected areas using species density data in spring 
2004. A. Fish species that contributed most to similarities within 
areas (in order of percentage contribution indicated in ()) . B. Fish 
species that contributed most to dissimilarities between areas (in 
order of percentage contribution). 
Fig. 2.137 Results of SIMPER analysis comparing fish assemblages between 189 
fished and protected areas using species biomass data in spring 
2004. A. Fish species that contributed most to similarities within 
areas (in order of percentage contribution indicated in ()). B. Fish 
species that contributed most to dissimilarities between areas (in 
order of percentage contribution). 
Fig. 3.1 Mean density (+SD) of reef fishes (number per m2) in 1998, 1999, 212 
2002, 2003 and 2004 of each sampling season in A Ye Wan. 
Fig. 3.2 Mean density (+SD) of reef fishes (number per m2) in 1998, 1999, 213 
2002, 2003 and 2004 of each sampling season in A Ma Wan. 
Fig. 3.3 Mean species richness (+SD) of reef fishes (number per m ) in 214 
1998，1999, 2002, 2003 and 2004 of each sampling season in A Ye 
Wan. 
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Fig. 3.4 Mean species richness (+SD) of reef fishes (number per m ) in 215 
1998, 1999, 2002, 2003 and 2004 of each sampling season in A 
Ma Wan. 
Fig. 3.5 MDS plot for the temporal comparison of fish assemblage 216 
structures in A Ye Wan using species density data in summer 1998, 
1999, 2002 and 2003. 
Fig. 3.6 Dendrogram for the temporal comparison of fish assemblage 216 
structures in A Ye Wan using species density data in summer 1998, 
1999, 2002 and 2003. 
Fig. 3.7 Results of ANOSIM analysis for the temporal comparison of fish 217 
assemblage structures in A Ye Wan using species density data in 
summer 1998, 1999, 2002 and 2003. 
Fig. 3.8 Results of SIMPER analysis for the temporal comparison of fish 218 
assemblage structure in A Ye Wan using species density data from 
summer 1998, 1999，2002 and 2003. A. Fish species that 
contributed most to similarities within year (in order of percentage 
contribution indicated in ()). B. Fish species that contributed most 
to dissimilarities between years (in order of percentage 
contribution). 
Fig. 3.9 MDS plot for the temporal comparison of fish assemblage 220 
structures in A Ye Wan using species density data in fall 1998, 
1999，2002 and 2003. 
Fig. 3.10 Dendrogram for the temporal comparison of fish assemblage 220 
structures in A Ye Wan using species density data in fall 1998, 
1999, 2002 and 2003. 
Fig. 3.11 Results of ANOSIM analysis for the temporal comparison of fish 221 
assemblage structures in A Ye Wan using species density data in 
fall 1998，1999, 2002 and 2003. 
Fig. 3.12 Results of SIMPER analysis for the temporal comparison of fish 222 
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assemblage structure in A Ye Wan using species density data from 
fall 1998, 1999, 2002 and 2003. A. Fish species that contributed 
most to similarities within year (in order of percentage 
contribution indicated in ()). B. Fish species that contributed most 
to dissimilarities between years (in order of percentage 
contribution). 
Fig. 3.13 MDS plot for the temporal comparison of fish assemblage 224 
structures in A Ye Wan using species density data in winter 1998, 
1999, 2003 and 2004. 
Fig. 3.14 Dendrogram for the temporal comparison of fish assemblage 224 
structures in A Ye Wan using species density data in winter 1998, 
1999, 2003 and 2004. 
Fig. 3.15 Results of ANOSIM analysis for the temporal comparison of fish 225 
assemblage structures in A Ye Wan using species density data in 
winter 1998, 1999, 2003 and 2004. 
Fig. 3.16 Results of SIMPER analysis for the temporal comparison of fish 226 
assemblage structure in A Ye Wan using species density data from 
winter 1998, 1999, 2003 and 2004. A. Fish species that 
contributed most to similarities within year (in order of percentage 
contribution indicated in ()). B. Fish species that contributed most 
to dissimilarities between years (in order of percentage 
contribution). 
Fig. 3.17 MDS plot for the temporal comparison of fish assemblage 228 
structures in A Ye Wan using species density data in spring 1998, 
1999, 2003 and 2004. 
Fig. 3.18 Dendrogram for the temporal comparison of fish assemblage 228 
structures in A Ye Wan using species density data in spring 1998, 
1999, 2003 and 2004. 
Fig. 3.19 Results of ANOSIM analysis for the temporal comparison of fish 229 
assemblage structures in A Ye Wan using species density data in 
spring 1998, 1999, 2003 and 2004. 
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Fig. 3.20 Results of SIMPER analysis for the temporal comparison of fish 230 
assemblage structure in A Ye Wan using species density data from 
spring 1998, 1999, 2003 and 2004. A. Fish species that 
contributed most to similarities within year (in order of percentage 
contribution indicated in ())• B. Fish species that contributed most 
to dissimilarities between years (in order of percentage 
contribution). 
Fig. 3.21 MDS plot for the temporal comparison of fish assemblage 232 
structures in A Ma Wan using species density data in summer 
1998, 1999, 2002 and 2003. 
Fig. 3.22 Dendrogram for the temporal comparison of fish assemblage 232 
structures in A Ma Wan using species density data in summer 
1998, 1999, 2002 and 2003. 
Fig. 3.23 Results of ANOSIM analysis for the temporal comparison of fish 233 
assemblage structures in A Ma Wan using species density data in 
summer 1998, 1999, 2002 and 2003. 
Fig. 3.24 Results of SIMPER analysis for the temporal comparison of fish 234 
assemblage structure in A Ma Wan using species density data from 
summer 1998, 1999, 2002 and 2003. A. Fish species that 
contributed most to similarities within year (in order of percentage 
contribution indicated in ()). B. Fish species that contributed most 
to dissimilarities between years (in order of percentage 
contribution). 
Fig. 3.25 MDS plot for the temporal comparison of fish assemblage 236 
structures in A Ma Wan using species density data in fall 1998, 
1999, 2002 and 2003. 
Fig. 3.26 Dendrogram for the temporal comparison of fish assemblage 236 
structures in A Ma Wan using species density data in fall 1998, 
1999，2002 and 2003. 
Fig. 3.27 Results of ANOSIM analysis for the temporal comparison of fish 237 
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assemblage structures in A Ma Wan using species density data in 
fall 1998, 1999, 2002 and 2003. 
Fig. 3.28 Results of SIMPER analysis for the temporal comparison of fish 238 
assemblage structure in A Ma Wan using species density data from 
fall 1998, 1999, 2002 and 2003. A. Fish species that contributed 
most to similarities within year (in order of percentage 
contribution indicated in ()). B. Fish species that contributed most 
to dissimilarities between years (in order of percentage 
contribution). 
Fig. 3.29 MDS plot for the temporal comparison of fish assemblage 240 
structures in A Ma Wan using species density data in winter 1998, 
1999，2003 and 2004. 
Fig. 3.30 Dendrogram for the temporal comparison of fish assemblage 240 
structures in A Ma Wan using species density data in winter 1998, 
1999, 2003 and 2004. 
Fig. 3.31 Results of ANOSIM analysis for the temporal comparison of fish 241 
assemblage structures in A Ma Wan using species density data in 
winter 1998, 1999, 2003 and 2004. 
Fig. 3.32 Results of SIMPER analysis for the temporal comparison of fish 242 
assemblage structure in A Ma Wan using species density data from 
winter 1998, 1999, 2003 and 2004. A. Fish species that 
contributed most to similarities within year (in order of percentage 
contribution indicated in ())• B. Fish species that contributed most 
to dissimilarities between years (in order of percentage 
contribution). 
Fig. 3.33 MDS plot for the temporal comparison of fish assemblage 243 
structures in A Ma Wan using species density data in spring 1998, 
1999, 2003 and 2004. 
Fig. 3.34 Dendrogram for the temporal comparison of fish assemblage 243 
structures in A Ma Wan using species density data in spring 1998, 
1999, 2003 and 2004. 
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Fig. 3.35 Results of ANOSIM analysis for the temporal comparison of fish 244 
assemblage structures in A Ma Wan using species density data in 
spring 1998, 1999, 2003 and 2004. 
Fig. 3.36 Results of SIMPER analysis for the temporal comparison of fish 245 
assemblage structure in A Ma Wan using species density data from 
spring 1998, 1999, 2003 and 2004. A. Fish species that 
contributed most to similarities within year (in order of percentage 
contribution indicated in ()). B. Fish species that contributed most 
to dissimilarities between years (in order of percentage 
contribution). 
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Chapter 1 Introduction 
1.1 Coral reef fishes and their interactions with coral reef ecosystem 
Coral reefs have been around for almost 450 million years (Wood, 1999). Over their 
long history of evolution, fishes coexisted with reefs. Today fishes become an 
integral part of scleractinian-dominated coral reefs. Coral reefs provide reef fishes 
with food and/or shelters. Within the reef, various sources of food such as plankton, 
crustaceans, filamentous and fleshy algae, and coral polyps are available to fishes. 
However, not all fishes are feeding within the reef. Some of them may just take 
shelter in the reef and move to non-reefal areas to find their food. For example, 
snappers (Lutjanidae) and grunts (Haemulidae) stay on the reef during daytime and 
swim elsewhere to feed at night. In addition to the diurnal use of reefs by fishes, it 
should be noted that some fish species only spend part of their life cycle on the reef. 
In the study conducted by Nagelkerken et al. (2000) in Netherlands Antilles, it was 
found that most fish species used mangroves and seagrass beds as nursery grounds 
and an ontogenetic shift to deeper coral reefs was observed at a particular life stage. 
Only a few reef fish species, such as Haemulon chrysargyreum, Lutjanus mahogoni, 
Acanthurus bahianus and Abudefduf saxatilis, utilized shallow coral reefs as major 
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nursery grounds. 
Examples above show the importance of reefs to fishes. However, the fact that fishes 
are affecting reef ecosystems should not be ignored. Through feeding, fishes of 
different trophic groups are modifying the benthic community structures of the reef 
and forming a major pathway for transfer of energy and materials. Reviews on 
effects of fishes on coral reefs were done by Sutton (1983) and Choat and Bellwood 
(1991). Benthic carnivores, such as grunts (Haemulidae) and emperors (Lethrinidae), 
reduce shells of various invertebrate groups to coarse sediments (Randall, 1974). 
They may forage in non-reefal areas and transfer nutrients and energy to reefs. 
Herbivores such as parrotfishes (Scaridae) and surgeonfishes (Acanthuridae) form 
feeding guild. These grazers exert their effects by grazing on filamentous and fleshy 
algae and by converting large amount of coral limestone into sediments and 
dispersing them around (Choat, 1991). Besides those fish species with large body 
sizes, small-sized species are also important in affecting the reef ecosystem. For 
examples, Eupomacentrus planifrons, a common damselfish in the western Atlantic 
waters, was suggested to affect corals by establishing feeding territories in which it 
killed corals and cultivated filamentous algae (Kaufman, 1977). Planktivorous fish, 
an abundant trophic group on reefs, helps to retain nutrients and energy within the 
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reefs by feeding on buoyant biological particles and zooplankton, which are 
continuously moving into and out of the reefs through action of the currents. 
Given the close interaction between reefs and their associated fish fauna, it is 
surprising in fact that it is difficult to define the term 'reef fish'. Bellwood and 
Wainwright (2002) have reviewed several definitions of reef fish given by different 
researchers and found that none of them were diagnostic enough. For example, 
Bellwood (1996) defined reef fish based on the ecological and taxonomic 
characteristics of reef fish faunas. A consensus list of reef fish families was built, 
which included all families that could be found on a coral reef irrespective of the 
biogeographic location. These families were Acanthuridae, Apogonidae, Blenniidae, 
Carangidae, Chaetodontidae, Holocentridae, Labridae, Mullidae, Pomacentridae, and 
Scaridae. This definition provided description of reef fishes based on similarities 
among reef fish faunas, but overlooked those families that had a restricted 
distribution in the world. Therefore, Bellwood and Wainwright (2002) adopted a 
more conservative definition and defined reef fishes as those fish taxa that are found 
on, and are characteristics of, coral reefs. In this thesis, this same definition is 
employed. 
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1.2 Diversity and world distribution of coral reef fishes 
Much of the researches on reef fishes are focused on the abnormally high diversity of 
the faunas. About one third of all species of bony fishes can be found on coral reefs. 
The species richness is highest in the Indo-West Pacific region. More than 2000 (Sale, 
1996) and 1500 (Lowe-McConnell, 1987) fish species have been recorded in the 
Philippines and the Great Barrier Reef respectively. The species richness is lower in 
the Caribbean and Red Sea where approximately 280 species are found (Bellwood 
and Wainwright, 2002). Bellwood and Wainwright (2002) compared the reef fish 
faunas among the Indo-Pacific region, the Red Sea and certain temperate places like 
New Zealand and South Africa and found that the Red Sea fish fauna appeared to be 
a random subset of that of the Great Barrier Reef. Despite the three-fold difference in 
species richness, no significant difference was found between the two faunas in terms 
of the distribution of species in families. In temperate areas, many of the 
characteristic reef fish families are present and abundant although there is no coral 
reef formation in those areas. This implies that reef fishes have a wider distribution 
that is not restricted just to coral reef areas. 
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1.3 Fishery exploitation on reef fish communities 
With high abundance and biomass of reef fishes, coral reefs are often subjected to 
exploitation by fisheries. In coral reefs of Southeast Asia and the Indo-Pacific, there 
is a long history of small-scaled reef fisheries by local fishers. Since fishers only 
catch reef fishes for their own consumption, the degree of exploitation was low in the 
past. However, starting from the 1980s, the demand for live reef fishes for food had 
increased substantially in developed places like Hong Kong, Taiwan, Singapore and 
Japan. For example, in Hong Kong, the import volume of reef fishes had increased 
rapidly from about 1000-2000 metric tonnes per annum in the late 1980s and early 
1990s to about 30,000-35,000 metric tonnes per annum in the late 1990s (Sadovy and 
Vincent, 2002). In response to this considerable demand, the degree of exploitation 
increased and commercial fisheries started to operate in many coral reefs of 
Southeast Asia and the Indo-Pacific. Following this heavier exploitation is the 
problem of overfishing. Researchers have suggested that coral reef fisheries are 
highly vulnerable to this problem due to certain biological characteristics of the 
target species. Life history stages with specialized needs, complex life histories, 
highly structured social behavior, low reproductive rates, long life, slow growth, low 
natural mortality, limited larval dispersal or geographic range, site fidelity, migration 
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and spawning aggregations are biological traits of many reef fishes that increase their 
risk to overfishing (Sadovy and Vincent, 2002). In fact, there are ample evidences to 
prove that overfishing has already occurred in reef fishery industry. According to the 
estimation by Warren-Rhodes et al. (2003) based on available data in 1997, the 
annual reef fish consumption in the Indo-Pacific and Southeast Asia exceeded the 
sustainable total production from coral reefs in the two regions. In the Indo-Pacific, 
the reef seafood demand required 677,854 km2 of reef area for sustainable production, 
which was 2.5 times higher than the total coral reef area of the region. In Southeast 
Asia, the total demand was about four times of the sustainable total production from 
the region. 
Declining catch rates have been reported in fishing grounds of Indonesia, Malaysia, 
Philippines and Maldives despite increase in fishing efforts (Alcala and Russ, 1990; 
Shakeel and Ahmed, 1997; Bentley，1999; Donaldson and Sadovy, 2001). The 
situation of overfishing is likely to spread as fishery industries continually seek for 
new, less exploited fishery resources, such as those small island countries in the 
Pacific Ocean (Sadovy and Vincent, 2002; Warren-Rhodes et al. 2003). This trend of 
overfishing causes significant biological impacts as fishing affects both reef fishes 
and their reefs: direct removal of target species led to their lower total abundance and 
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biomass (Munro, 1983; Russ and Alcala, 1989), smaller mean size (Bentley, 1999) 
and alternation of sex ratio (Thompson and Munro, 1983) in their community. High 
percentage of by-catches (Eisler, 1991) reflects that fishing may also limit the 
number of non-target species. Use of destructive fishing methods such as explosives 
reduced coral cover and structural heterogeneity of reefs (Russ and Alcala, 1989). 
The modification of habitat in turn affects reef fishes but effects vary among species. 
In Australia, Williams et al. (1986) reported that Pomacentrus moluccensis and 
Chromis atripectoralis failed to recruit on midshelf reefs in the central Great Barrier 
Reef for three years following destruction of most of the live coral cover by 
Acanthaster planci. On the other hand, Russ and Alcala (1989) found that densities 
of Coirrhilabrus sp., Thalassoma hardwicki and T. lunare, which preferred feeding 
on and/or settling onto coral rubbles, increased significantly after intense fishing and 
substantial destruction of live coral cover within the Sumilon Island Reserve in the 
Philippines. Besides the biological impacts, overfishing also causes economic loss as 
a result of declining fishery yield and habitat destruction since coral reefs are 
valuable assets of eco-tourism. In Bermuda, hotel owners, charter-boat fishers, dive 
and tour-boat operators and other businesses concluded that their incomes from 
tourism were threatened by the activities of a few fishers, who were deteriorating 
their reefs by fishing (Birkeland, 1997). 
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1.4 Marine reserves and their effects on reef fish assemblages 
Owing to its considerable biological and economic impacts, over-exploitation of reef 
fishery resources becomes a widespread concern among fishery managers and 
conservation scientists. Several management tools are proposed and used in order to 
address the problem. Traditionally, fishing effort and catch controls are employed in 
which regulations are imposed on various aspects of fishing activities, such as types 
of fishing gear used, number of authorized fishers and minimum size of landing fish. 
However, these regulations cannot guarantee the sustainability of fishing stocks 
(Russ, 2002) and people are looking for other management alternatives. Starting 
from 1990, marine reserve or no-take area becomes a popular management strategy 
applied by many countries such as Australia, United States, Egypt, South Africa, 
Thailand, Malaysia and the Philippines. Inside marine reserves, no fishing is allowed 
and thus they are expected to act as refuges for exploited fish communities and as 
insurance policy against failure of traditional fishery management methods. 
According to Russ (2002), there are seven basic expectations on marine reserves that 
are suggested to benefit both fish communities and their adjacent fisheries. Five of 
them consider effects on fish communities within the reserves while the other two 
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concern effects outside the reserves. The seven expectations are as follows: 
Effects inside reserves 
1. Significantly lower fishing mortality than in fished areas. 
2. Significantly higher density of target species. 
3. Significantly higher mean size/age of target species. 
4. Significantly higher biomass of target species. 
5. Significantly higher production of eggs/larvae of target species per unit area. 
Effects outside reserves 
6. Effects 1 to 4 above lead to net export of adult fishes to fished areas outside the 
reserves. This is known as the spillover effect of reserves. Spillover of fishes may be 
achieved by density-dependent movement due to habitat limitation and territorial 
interactions or simply by random movement of fishes between high density reserves 
and low density fished areas. 
7. Effects 1 to 5 above lead to net export of eggs/larvae outside the reserves. This 
is called recruitment effect of reserves. Generally, larvae of reef fishes can disperse 
to tens to hundreds of kilometers. Therefore, reserves will supply larvae to fished 
areas while receiving larvae at the same time. 
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When setting up a reserve, fished area is partly or totally closed from fishing. In 
order to achieve its function in fishery management, the reserve should be able to 
enhance the fish community within it and at the same time benefit adjacent fisheries 
Fishery enhancement, which is caused by the spillover and recruitment effects 
mentioned above, should more than compensate for the loss of fishing ground in 
medium or long term. However, even if there is no fishery enhancement effect, 
reserves can still act as refuges for spawning stocks where recovery can start when 
other management tools fail. Nonetheless, the seven expectations listed above should 
be studied carefully in order to evaluate the effectiveness of existing reserves and 
assist in the optimal design of future reserves. In the following discussion on 
reserves' effectiveness, emphasis would thus be placed on literature review of these 
seven basic expectations. 
Regarding the fishing mortality within reserves, although fishing should be totally 
banned, it is unrealistic to assume that fishing mortality would fall to zero as 
poaching often happens. Among 1306 marine reserves of the world, Kelleher et al. 
(1995) estimated that the management level was known only for 383 of them and 70 
% out of these 383 had moderate to low management effectiveness. Their finding 
10 
suggests that poachers are probably operating in many reserves and thus fishing 
mortality caused should be quantified. However, there is no research that actually 
measured fishing mortality within and outside reserves and many researches are 
assuming that it should be lower in reserves by some unknown amount. The lack of 
monitoring of poaching-caused fishing mortality may be due to logistic limitations, 
as this kind of monitoring required long-hours of guarding and poachers’ operation 
are often underground. 
In contrast to the study of fishing mortality within reserves, there are more researches 
focusing on the effects of marine reserves on density, mean size/age and biomass of 
target species (effects 2 to 4). Most researches relied on spatial comparison of fish 
assemblages between reserves and fished areas. Review done by Russ (2002) found 
that almost all studies reported significantly larger mean size of fishes inside reserves 
than in fished areas. For example, Chiappone et al. (2000) found a pattern of greater 
mean size and range of sizes of larger grouper species (Serranidae) in lightly fished 
areas and in the Exuma Cays Land and Sea Park, a no-take marine reserve in 
Bahamas. In another study conducted by Polunin and Roberts (1993) in the 
Caribbean, 45 % of fishery target species showed greater mean sizes in shallow 
protected sites (Saba Marine Park and Hoi Chan Marine Reserve) than in adjacent 
11 
fishing areas after four years of protection. Considering the efleets on 
densitx/biomass, Russ (2002) expressed the effectiveness of reserves as the ratio of 
reserve density/fished density (or reserve biomass/fished biomass) of fish and found 
this ratio to be ranging from 0.63 to 5.2 in marine reserves protected for three to 36 
years. In 1994, Jennings et al (1995) performed underwater visual census (UVC) of 
reef fishes in three types of habitat in Seychelles, each habitat included seven 
sampling sites that were subjected to different fish intensities. The total biomass of 
all fish censused was significantly higher in no-take and least heavily fished areas 
than in heavily exploited fished areas for all types of habitat. The enhancement effect 
is not only exhibited at the total community level, but also at the family and even 
species levels. The biomass and density of groupers (Serranidae), seabreams 
(Sparidae) and snappers (Lutjanidae) were significantly higher in reserves as pointed 
out by several studies employing UVC or baited underwater video system (Polunin 
and Roberts, 1993; Chiappone et ul., 2000; Willis et al, 2003). In Kenya, the 
investigation by McClanahan (1994) revealed that 39 species of reef fishes had 
significantly higher density in protected areas than in fished areas, compared to only 
six species that showed a contrasting pattern. 
Despite the popularity of the use of spatial comparison, Russ (2002) criticized the 
application of this strategy alone in evaluating the success of reserves bccausc the 
rate of increase in density and biomass with time cannot be measured. In addition, 
this strategy does not provide any information about the condition of the reef Hsh 
assemblages before designation of the reserves so it is difficult to conclude that 
higher density/biomass in reserves is caused by protection effect instead of any other 
factors. Therefore, temporal comparison of reserves before and after their protection 
should be incorporated with spatial comparison in order to provide more convincing 
results. 
In addition to the review on spatial comparison between reserve and fished areas. 
Russ (2002) also reviewed studies that employed temporal comparison before and 
after reserve protection. The ratio of final density/initial density of fish in reserves 
ranged from 1.3 to 13.5. Most of the studies are of relatively short duration, ranging 
from one to three years only. A longer-term and comprehensive temporal study was 
conducted by Russ and Alcala (1998a; 1998b) in the Philippines. They monitored 
reef fish assemblages in Sumilon and Apo Island for 10 years from 1983 to 1993. 
This study included four sites, which were Sumilon Reserve and non-reserve, and 
Apo Reserve and non-reserve. The Sumilon Reserve had a complex history of 
management from 1974 to 1993. This reserve was protected from fishing for 9.5 
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years until 1984, then opened to fishing for three years (1984-1986), protected again 
for nearly five years (1987-1992) and finally opened to fishing again (1992-1993). 
For the Apo Island Reserve, it was protected from fishing during the entire study 
period. In the Sumilon Reserve, the total fish community biomass decreased by 28 % 
between 1983 and 1985 during the fishing period, then increased significantly by 1.6 
times between 1985 and 1991 when fishing stopped. It finally decreased significantly 
by 29 % between 1991 and 1993 when fishing returned (Russ and Alcala, 1998a). In 
the Apo Island Reserve, the total fish community biomass increased continuously by 
1.53 to 1.55 times during the entire period from 1983 to 1991. This indicates the 
importance of cessation of fishing in reserves in enhancing reef fish faunas. Besides 
focusing on the total community, Russ and Alcala (1998a) also looked at the effect at 
the fish family level. Different families were exhibiting different responses to fishing 
and protection. For example, large predators (Serranidae, Lutjanidae, Lethrinidae and 
Carangidae) and fusiliers (Caesionidae) experienced a drop in density when 
subjected to fishing and increased significantly but slowly when protected from 
fishing. On the other hand, surgeonfishes (Acanthuridae) only displayed weak 
responses to fishing and protection. The authors believed that life history and fishing 
intensity played a determining role in affecting the family responses. The study by 
Galal et al. (2002) in five reserves of Egypt was conducted in shorter duration (1995 
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to 2000) and this temporal comparison again proved the effectiveness of reserve. 
After two years of protection in 1997，the mean abundance of groupers (Serranidae), 
emperors (Lethrinidae) and snappers (Lutjanidae) had significantly increased in two 
reserves only. After a further four years of protection (2000), their mean abundance 
increased significantly in all reserves. 
If reserves actually lead to greater mean size and density/biomass of reef fishes 
within them, it is logical to predict that reproductive output from reserves will 
increase as a result (effect 5). Higher density/biomass implies that more fishes are 
producing eggs. For reef fishes, their fecundity increases exponentially with body 
size (Thresher, 1984), so greater mean size would also lead to higher egg production 
within reserves. However, few empirical studies have tried to estimate the 
reproductive output of fish inside and outside the reserves and one example is 
provided by Willis et al. (2003). Their estimated egg production was significantly 
higher in the reserve than in adjacent non-reserve areas in New Zealand. Obviously, 
more empirical study is needed to further prove this effect. 
The five expectations on reserves discussed above deal with effects within reserves. 
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As mentioned earlier, reserves should be able to enhance adjacent fishery as well in 
order to full-fill their function as a fishery management tool. The fishery 
enhancement effects are expected to be caused by spillover (effect 6) and recruitment 
effects (effect 7) that are operating outside the reserves. 
Spillover is defined as the net export of adult fishes from the reserves to fished areas. 
As high density/biomass fish assemblages built up inside the reserves, it is possible 
that density dependent movement or random movement of adult fishes would result 
in net export of fish biomass outside the reserves to replenish adjacent fishery stocks. 
There are a few attempts to show spillover from reserves, which used trends of fish 
abundance/ biomass and catch per unit effort (CPUE) outside the reserves as 
indicators of the effect. In Apo Island, Russ and Alcala (1996) monitored reef fish 
assemblages in fishing areas that are 200 m to 500 m from a no-take reserve using 
underwater visual census (UVC). During the ten-year survey period from 1983 to 
1993, they found that the density of large predatory fishes at distances 200 to 300, 
300 to 400 and 400 to 500 m from the reserve boundary did not differ significantly 
from an even distribution during the first eight years of protection. In the period of 
nine to 11 years of protection, evidence of spillover effect appeared. The density 
became significantly higher in the area closest to the reserve. Their data were 
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consistent with the proposed model of adult fish export from the reserve to adjacent 
non-reserve areas and it was suggested that the effect was slow to develop (up to 
eight years of protection). At the same time, the authors pointed out that the use of 
UVC might underestimate the spillover effect since it was recording fishes that were 
not caught by fishers in fishing areas. Trend of catch per unit effort (CPUE) in 
adjacent non-reserves should be used as a complement to UVC. Two studies have 
indicated the spillover effect using CPUE records. In Egypt, mean CPUE increased 
significantly within fished areas by about 66 % after five-year protection of adjacent 
reserves that started from 1995 (Galal et. al. 2002). In St. Lucia of the U.S., a 
network of five small reserves increased adjacent catches of artisanal fishers by 46 % 
to 90 % five years after their designation (Roberts et. al, 2001). 
While spillover effect is likely to benefit nearby areas that are several kilometers 
from the reserves, the recruitment effect can operate over longer distances and is 
considered to be the major benefit of reserves to fisheries. Through protection of 
critical spawning stocks inside the reserves, it is expected that export of eggs/larvae 
from reserves can replenish heavily exploited fishery stocks. Due to the long 
dispersal distance of eggs/larvae, recruitment effect can cross a wide spatial scale, 
potentially up to tens to hundreds of kilometers. 
The demonstration of recruitment effect is a complex matter of oceanography, larval 
biology and computer modeling. It is extremely difficult to prove the occurrence of 
recruitment effect due to considerable logistic difficulties. For example, it is 
impossible to sample eggs/larvae over their entire dispersal ranges. In addition, 
larvae are difficult to sample, tag and track from source to site of settlement. As a 
result, study on recruitment effect is lacking (Russ, 2002). 
Concluding the literature review on reserves' effectiveness, evidences proving the 
seven expectations on reserves suggested by Russ (2002) are generally insufficient. 
Fishing mortality and reproductive potential of reef fishes within reserves, as well as 
spillover and recruitment effects from the reserves to fished areas, are receiving little 
study. There are ample of researches showing increased mean size and 
abundance/biomass of fishes within reserves by spatial and/or temporal monitoring. 
However, majority of them are not well designed since they involved only spatial or 
temporal comparison with no data collected before the establishment of reserves. 
Only 16 % of them collected pre-protection data (Russ, 2002). Therefore, it is clear 
that the effectiveness of reserves required further study that should be more 
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comprehensive and well designed. 
1.5 The Marine environment of Hong Kong 
The Special Administrative Region (SAR) of Hong Kong (Figure 1.1) is made up of 
Hong Kong Island, Kowloon Peninsula and the New Territories. Hong Kong is 
surrounded by the sea on three sides, except for the northern side connected to 
Shenzhen Special Economic Zone. On the western side of Hong Kong, the Pearl 
River brings huge amount of fresh water and sediments. As a result, the western 
region of Hong Kong is characterized by muddy shore with estuarine condition. On 
the other hand, the eastern side is more exposed with true marine environment. 
Apart from the influence of Pearl River, the marine environment of Hong Kong is 
affected by seasonal presence of several major oceanic currents. During summer, 
Hainan Current flowing north northeast from the South China Sea brings in warm 
and highly saline water (Watts, 1973). During winter, Taiwan Current, which brings 
colder and less saline water from the Taiwan Strait, mixes with warmer, highly saline 
Kuroshio Current flowing north northwest through the Luzon Strait from the 
Philippine Sea. Operation of different current systems in Hong Kong probably brings 
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larvae of marine organisms from different sources such as Hainan, Taiwan and the 
Philippines. In addition, partly because of the influence of these current systems, the 
water temperature of Hong Kong could be as high as 30 °C in summer and as low as 
14 °C in winter, and salinity ranged from 2 %o in summer to 34 %o in winter. 
1.6 Reef fishes and inshore fishery in Hong Kong 
The reef fish fauna of Hong Kong is poorly understood. In the eastern water, the 
prevailing marine condition enables existence of small patches of hard corals. Fairly 
diverse faunas of reef fishes are found within these coral patches. 
A comprehensive study of reef fishes in Hong Kong was conducted by Cornish 
(2000). In his study, he compiled a list of reef fish by literature search and field 
sampling using commercial fishing gears, fine mesh barrier and quinaldine. A total of 
576 species from 69 families of fishes with reef-associated representatives were 
recorded. About 75 % of the reef fish fauna were widely distributed tropical species, 
15 o/0 w e r e temperate or sub-tropical species. A total of 195 species were recorded 
from shallow, fringing coral communities, which are mainly found in the eastern 
water. Fishery-target families, such as Serranidae, Sparidae, Labridae, Siganidae, 
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Pomacentridae, Scaridae, Carangidae and Chaetodontidae, were well-represented in 
the fauna. Seasonal trends in species richness, abundance and biomass were observed 
in which all these three parameters were higher in summer and lower in winter. 
Fishery is once an important industry in Hong Kong. Original inhabitants of Hong 
Kong, the Tanka and Hoklo communities depended on fishing along the South China 
coast. Before World War II, most fishing vessels were wind-driven “junk” style 
vessels. After the War, the Hong Kong government provided low interest loans to 
fishers for fleet modernization. This led to great advances in fishing technology and 
vessels' power and mobility. Junk style vessels were replaced by modern pair and 
stern trawlers. Nowadays, Hong Kong no longer depends on fishery industry but a 
variety of fishing operations still persist (ERM, 1998). Demersal trawl vessels spend 
most of their time fishing outside Hong Kong waters. Among these vessels, shrimp 
trawlers are smaller and spend more time in Hong Kong waters than stern and pair 
trawlers. Hang trawl vessels, purse seine vessels and small sampans are highly 
dependent on Hong Kong waters for their catch. For sampans, gillnets, handlines and 
cages are employed for fishing. 
Reef fishes of Hong Kong are harvested by inshore fishery. However, data about this 
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inshore fishery are insufficient. Cheung and Sadovy (2004) attempted to reconstruct 
the time-series trend of Hong Kong's inshore fishery and evaluated its potential 
effects on the marine ecosystem based on multiple information sources, which 
included interviews with commercial fishers, recreational divers and fishery officials, 
and computer simulation modeling of Hong Kong's marine ecosystem. They 
categorized the fishery history in Hong Kong waters into three phases. The first 
phase is the developing phase that started before the World War II and ended in the 
1960s. During this phase, the inshore fishery resource was considered as 
under-exploited. At the beginning of this phase, the fishing fleet of Hog Kong was 
dominated by junk vessels that imposed low level of fishing pressure. Catch per unit 
effort remained at constant level. After the War, fisheries in Hong Kong expanded 
rapidly partly as a result of fleet modernization. Improvement in fishing technology 
resulted in increase of landings and CPUE during this phase. Following the first 
developing phase is the second phase of full to over-exploitation. This phase started 
in the 1970s during which CPUE in Hong Kong waters started to drop dramatically. 
Until the 1980s, the third, collapse phase began. The drop of CPUE continued and 
landings began to drop sharply. 
Parallel to drastic changes in CPUE and landings was the change in species 
2 2 
composition of landings. A significant reduction of large, high-valued, food fishes 
such as grouper, snapper, jack and mackerel was apparent over the past 50 years 
when reviewing historical records of catch composition. These large, high-trophic 
level predators with long life span and low natural mortality are highly vulnerable to 
overfishing (Sadovy and Vincent, 2002). The catches became increasingly dominated 
by small, low-valued pelagic fishes. From their simulation model, Cheung and 
Sadovy (2004) suggested that the high abundance of low trophic level, small pelagic 
fishes was possibly the result of a trophic cascade effect associated with the drop in 
predator biomass. Nowadays, there is no doubt that the inshore fishery of Hong Kong 
has been over-exploited. 
1.7 Marine parks and marine reserves in Hong Kong 
The importance and uniqueness of Hong Kong marine environment has long been 
recognized. However, at the same time, the marine environment has been facing 
various threats such as sewage discharge, dredging, dumping, reclamation and 
destructive fishing. Therefore, it is essential to develop marine protected areas in 
order to protect and conserve the marine ecosystem of Hong Kong. In response to 
this need, a Marine Parks and Reserves Working Group was established in 1989 to 
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conduct a feasibility study on the establishment of marine parks and reserves in Hong 
Kong. The working group submitted its report in 1990 and identified seven areas as 
potential sites for marine park/reserve. Since then, four marine parks and one marine 
reserve have been set up in Hong Kong. The first batch of marine parks and marine 
reserve were designated in July 1996, which included the Hoi Ha Wan Marine Park, 
Yan Chau Tong Marine Park and the Cape D'Aguilar Marine Reserve. Sha Chau and 
Lung Kwu Chau Marine Park, which was not one of the original sites recommended 
by the working group, was established in November 1996 in response to the need to 
protect the Chinese White Dolphin in the face of massive reclamation associated with 
the construction of the new Chek Lap Kok International Airport. The Tung Ping 
Chau Maine Park was subsequently designated in November 2001. After designation 
of selected sites as marine parks and reserve, it is important to monitor the marine 
fauna and flora within them in order to evaluate the effectiveness of such undertaking. 
It is clear that the information obtained can promote their proper management and 
can also aid in optimizing the design of future marine parks and reserves. 
In the Tung Ping Chau Marine Park, reef fish assemblages coexist with a fairly 
diverse coral communities and this marks the uniqueness of its marine environment. 
Although it is not specially designed for the protection of reef fish assemblages, 
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fishing activities within it are regulated. Fishing is totally banned in the core areas 
where a high cover and diversity of corals can be found. It is only allowed in the 
recreational fishing areas. However, the original inhabitants of the island are allowed, 
under a licensing system, to fish also in other parts of the park other than the core 
areas using non-destructive fishing methods. It is anticipated that these measures will 
affect reef fish assemblages within different parts of the marine park, especially the 
core areas, and promote their conservation. Nevertheless, no study concerning the 
effects of protection on reef fish assemblages within marine parks in Hong Kong has 
ever been carried out and this marks the significance of the present study. 
1.8 Objectives 
This study has therefore, the following objectives: 
1. to investigate the effects of protection on the reef fish assemblage of Tung Ping 
Chau Marine Park through spatial comparison of its assemblage with those in 
coral communities of other sampling sites that are subjected to different degrees 
of fishery exploitation (see Figure 1.1); 
2. to investigate the effects of protection on the reef fish assemblage of Tung Ping 
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Chau Marine Park through temporal comparison of fish assemblages before and 
after their protection in no take core areas, A Ma Wan and A Ye Wan. 
3. to provide background data for long-term monitoring of reef fish assemblages in 
existing marine parks and potential sites of future marine parks. 
1.9 Nature and structure of this thesis 
This thesis is divided into four chapters with the following contents: 
Chapter 1 - Introduction 
This chapter first introduces different aspects of reef fishes and reef fishery, 
including interaction between coral reefs and reef fish assemblages, diversity and 
worldwide distribution of reef fishes, and trend of fishery exploitation on reef fish 
communities. It then provides the literature review on effects of protection to reef 
fish assemblages inside and outside marine protected areas as well as the history of 
fishery exploitation and marine park protection in Hong Kong. Finally, objectives of 
the current research are stated. 
Chapter 2 - Spatial comparison of reel, fish assemblages 
This chapter provides a spatial comparison of reef fish assemblages between eight 
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sampling areas that are subjected to different fishing pressures from summer 2002 to 
spring 2004. It includes descriptions of sampling sites and multivariate analyses of 
results concerning effects of season, benthic rugosity and degree of protection on reef 
fish assemblages within these sampling sites. 
Chapter 3 - Temporal comparison of. reef fish assemblages in no-take core areas 
of Tung Ping Chau Marine Park, Hong Kong. 
This chapter provides results about the multivariate temporal comparison of reef fish 
assemblages in no-take core areas of Tung Ping Chau Marine Park before and after 
their protection, from winter 1998 to fall 1999 and summer 2002 to spring 2004 
respectively. 
Chapter 4 - Summary 
This chapter integrates the findings from spatial and temporal comparisons of fish 
assemblages in core areas within Tung Ping Chau Marine Park to address the 
question on the effectiveness of protection. Significance and implications of this 











































































































































































































Chapter 2 Spatial comparison of reef fish assemblages between 
fished and protected areas of Hong Kong 
2.1 Introduction 
In this research, spatial comparison of reef fish assemblages among eight sampling 
areas that were subjected to different degrees of fishing intensity was performed in 
order to reveal the effects of protection on fish assemblages. Spatial comparison of 
fish assemblages between fishing and protected areas is a common approach 
employed to evaluate the effectiveness of marine protected areas. It is anticipated 
that the cessation of fishing can enhance the abundance, biomass and species 
richness of reef fishes in marine protected areas. However, besides protection, the 
importance of other factors such as habitat complexity (or rugosity) and season in 
affecting reef fish assemblages should not be overlooked. Most reef fishes are 
dependent on reef for shelters and/or food. A higher complexity means a larger total 
surface area of benthic substratum, providing more shelters for fishes and more 
attachment surface for invertebrates. Consequently, this may influence the abundance, 
biomass and species composition of reef fishes that can be found. Many researchers 
have tried to find out the relationship between habitat complexity and fish 
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assemblages. For examples, Jones and Syms (1998) indicated that both abundance 
and species richness of reef fishes were related to habitat complexity. Due to the 
potential importance of habitat complexity, researchers often measure habitat 
complexity at the same time when assessing protection effects on fish assemblages. 
In the study by McClanahan (1994) in Kenya, fish assemblages in three marine parks 
and four fishing areas were assessed. Protection from fishing was recognized as the 
dominant factor and habitat complexity was the second best predictor for the number 
of reef fish species found in the sampling areas. On the other hand, Grigg's (1994) 
study in Hawaii found that habitat complexity was the main factor affecting fish 
biomass, followed by exposure to sewage and fishing pressure. 
Apart from protection and habitat complexity, season is another factor that has 
certain contribution in shaping the structure of reef fish communities. In Hong Kong, 
different oceanic current systems are influencing its marine environment in different 
seasons (refer to Chapter 1). A consequence of this is that variations in sea surface 
temperature and salinity are quite large between summer and winter. These factors 
may synergistically shape the reef fish assemblages of Hong Kong. In the current 
study, a major objective was to reveal any effects of protection on reef fish 
assemblages by spatial comparison between protected and fished areas. Data were 
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collected in different seasons that included summer, fall, winter and spring. 
Considering the potential intlucnce of season on fish assemblages, reef fish 
communities may show different responses to protection in different seasons. By 
carrying out the spatial comparison between protected and fished areas 
independently for each season, it is possible to find out how season interacts with 
protection in aiYecting the reef fish assemblages in the sampling areas. On the other 
hand, seasonal comparison of fish assemblages was performed separately for each 
area to find out how fish assemblages change with seasons. This could probably 
provide some insights on the reasons behind the varying responses of fish 
assemblages to protection in different seasons. 
2.2 Study Areas 
In this study, reef fish assemblages in eight sampling areas located at the northeastern 
part of Hong Kong were sampled. These included A Ye Wan, A Ma Wan, Chau Mei 
and Chau Tau in Tung Ping Chau Marine Park, Coral Beach and Moon Island in Hoi 
Ha Wan Marine Park, and Wu Pai and Cheung Shek Tsui outside any marine park 
(see Figure 1.1). The first two sites are classified as protected areas since fishing is 
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totally banned within them. The other six arc exposed to different levels of fishing 
pressures and are classified as fishing areas. Six of them are shallow water coral 
communities and two of them are shallow rocky areas with lower coral cover. A 
detailed description of each area is given below. 
2.2.1 Tung Ping Chau Marine Park 
Tung Ping Chau Marine Park (TPCMP) (Figure 2.1) covers an area of about 270 
hectares. Because of the presence of high cover of coral communities and extensive 
algal bed around the island, it was declared as the fourth Hong Kong marine park in 
November 2001. There are two management features in this marine park which are 
not found in the other three existing marine parks. These include the designation of 
two core areas and two recreational fishing areas within the boundary of the marine 
park. The two core areas are located along the eastern part of the island, and have 
extensive cover of hard corals. These areas, one in A Ma Wan (AMW) and one in A 
Ye Wan (AYW), enjoy a higher degree of protection than the rest of the marine park. 
Based on the survey performed by Ang et. al. (2000), coral covers were 45.8 % in A 
Ye Wan and 54.4 % in A Ma Wan respectively. Any fishing activities within the core 
areas are banned and other recreational activities are regulated. Locating at the two 
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ends of the island are Chau Mei (CM) and Chau Tau (CT), which are rocky areas 
with coral cover lower than 10 % (Ang et. al., 2000). Hook and line recreational 
fishing by the public and non-destructive fishing by licensed fishers are allowed in 
the two areas. It is assumed that fishing within these two areas will not cause undue 
damage to the overall marine flora and fauna of the marine park. In this study, these 
four locations within this marine park were sampled. Only A Ma Wan and A Ye Wan 
are considered as the protected areas while Chau Mei and Chau Tau are considered as 
the fished areas although all of them are located within a marine park. 
2.2.2 Hoi Ha Wan Marine Park 
Hoi Ha Wan Marine Park (Figure 2.2) is situated on the eastern side of the Tolo 
Channel. It is designated as a marine park since 1996. This Marine Park covers an 
area of about 260 hectares. Fishing with monofilament nets, hook and line, traps and 
purse seine are allowed for fishers issued with a license by Agricultural, Fisheries 
and Conservation Department. Two sampling areas, Coral Beach (CB) and Moon 
Island (MI), are located within this Marine Park. Shallow water coral communities 
are found within these areas. From a recent survey of hard corals carried out in 
winter 2004, Coral Beach and Moon Island were found to support 65.5 % and 41.5 % 
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of coral cover respectively (Ang et. ai, 2004a). 
2.2.3 Kat O Chau and Ngo Mei Chau 
Kat O Chau and Ngo Mei Chau are two islands located on the eastern side of the 
New Territories near the mouth of Tolo Channel (Figure 2.3).They are outside the 
current park boundary of Yan Chau Tong Marine Park to the south. Two sampling 
areas were designated, including Wu Pai (WP) in Kat O Chau and Cheung Shek Tsui 
(CST) in Ngo Mei Chau. These sits are also characterized with shallow water coral 
communities. Coral cover was 50 % in Wu Pai and 70 % in Cheung Shek Cheung 
(Ang et. al., 2002). Despite the high coral cover, both areas are outside any marine 
park boundary so that the level of fishery regulation is the lowest among the eight 
sampling areas. Use of monofilament nets, hook and line, traps and purse seine by 
fishers were observed during surveys carried out in the course of this study. • 
2.3 Methodology 
2.3.1 Sampling of reef fish assemblages 
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Reef fish assemblages in A Ye Wan (AYW), A Ma Wan (AMW), Chau Mei (CM) and 
Chau Tau (CT) of the Tung Ping Chau Marine Park, Coral Beach (CB) and Moon 
Island (MI) of Hoi Ha Wan Marine Park, and Cheung Shek Tsui (CST) and Wu Pai 
(WP) of Kat O Chau and Ngo Mei Chau were assessed using underwater visual 
census (UVC) technique (English et al,, 1997). UVCs were carried out along 
non-overlapping transects laid perpendicular to the shore. Five transects that were at 
least 10 m apart were laid in each area, except for AMW where nine transects were 
sampled. Given the small size of the census areas and the use of distinct landmark 
features on the coast and underwater, it was normally possible to place each transect 
to within one m of its position in the previous census. Sampling was carried out on a 
seasonal basis covering winter, spring, summer and fall from summer 2002 to spring 
2004. From summer 2002 to winter 2003, only AYW, AMW, CM and CT were 
surveyed and no biomass data were collected in summer 2002 since the diver was not 
well-trained in length estimation at that time. Starting from spring 2003, CST and 
WP were added into the list of sampling areas whilst sampling for the reef fish 
assemblages in CB and MI started from summer 2003 to spring 2004. Whenever 
possible, sampling of all areas would be completed within one month during each 
sampling season in order to minimize any temporary variation within season. 
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During visual census, a 40 m transect was laid perpendicular to the shore starting 
from 0 m CD. Transects of 40 m length were sampled because coral communities in 
the sampling sites seldom extend more than 40 m from the shores. At every 5 m 
interval along the transect, diver would stop for one minute first to allow the fish to 
adapt to the existence of the divers before data were taken. In the following five 
minutes, fishes within a radius of 2.5 m from the diver were identified to species 
level with abundance (number) and standard length of each individual fish recorded. 
Accuracy of length estimation was improved and tested by training of the diver on 
underwater estimation of length of PVC pipes with sizes ranging from 3 cm to 60 cm. 
For school of fishes, the number would be estimated instead of counting the fishes 
one by one. Standard length of fishes would be converted to biomass using published 
length-weight relationship of each species in FISHBASE (Froese and Pauly, 2005). If 
no length-weight relationship was available for a species, length-weight relationship 
from another species in the same family with similar body form would be used 
instead. 
2.3.2 Sampling of habitat complexity 
Measurement of habitat complexity was performed using the same fish transects in 
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eight sampling areas. Along the fish transect with 40 m straight line distance, another 
transect was laid in a manner that followed all irregularities on the benthic 
substratum (McClanahan 1994). The total length of the transect required to cover all 
the irregular surfaces along the 40 m straight line distance was then recorded. The 
length measured would increase with complexity of the substratum and thus index of 
habitat complexity was expressed as a ratio of bottom contour distance to straight 
line distance. Sampling of habitat complexity was carried out once in each sampling 
area in spring 2003. 
2.4 Data Analysis 
The data analysis was divided into two parts: 1) seasonal comparison of reef fish 
assemblages was performed for each area separately; 2) spatial comparison of reef 
fish assemblages between fished and protected areas was performed for each 
sampling season separately. 
For the seasonal comparison, changes in mean density, mean biomass and mean 
species richness in each area with seasons were investigated. Data were log (n + 1) 
transformed before subjected to any statistical test to improve their normality. 
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Homogeneity of variances, which is an assumption of parametric statistics, was then 
tested for the transformed data set (Levene's Test of Equality of Variances). If the 
assumption was valid, one-way Analysis of Variance (ANOVA) would be performed 
to test for significant difference in mean density, mean biomass and mean species 
richness among seasons in each area. Tukey test would be run as a post hoc test for 
the pair wise comparison of differences in these variables between seasons. On the 
other hand, if the assumption was invalid, the non-parametric Kruskal-Wallis test 
would be used instead. Multivariate analyses of fish assemblage structures using fish 
abundance and fish biomass data were performed using the statistical package 
PRIMER v6.0 beta (Plymouth Marine Laboratories). Bray-Curtis index was chosen 
to measure similarity among samples from different seasons. Before calculation of 
Bray-Curtis index, data were first forth-root transformed to reduce the effects of 
dominating species on the similarity matrix. Non-metric multi-dimensional scaling 
(MDS) and cluster analysis were then carried out in order to visualize the relative 
similarity in assemblage structures among seasons. MDS plot with stress level lower 
than 0.20 would be a good representation of the relationship between samples. 
Analysis of Similarity (ANOSIM) was subsequently applied to test for significant 
difference (p 二 0.05) in reef fish assemblage structures among seasons with season as 
the factor under investigation. The global R value measured the degree of differences 
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between groups of samples, with groups being well separated if R > 0.75, 
overlapping but clearly different with 0.75 > R > 0.50, or barely separable at all (R < 
0.25) (Clarke and Gorley, 2001). Finally, typical species in each season and 
differentiating species between seasons were picked up by the Similarity Percentage 
(SIMPER) analysis. Species that contributed to similarity of 10 % or more or within 
the accumulated percentage of similarity of 50 % among samples in a particular 
season would be identified as a typical species for that season. For differentiating 
species between seasons, a cut-off was selected at accumulated percentage of 
dissimilarity of 50 %. Species that contributed to dissimilarity of 10 % or higher 
between seasons but fell outside the accumulated percentage of 50 % were identified 
as a differentiating species between seasons. 
The aim of spatial comparison was to find out the effects of protection on fish 
assemblages. Therefore, mean density, mean biomass, mean species richness and reef 
fish assemblage structures were compared between fished and protected areas for 
each season separately. AMW and AYW were classified as protected areas whereas 
CM, CT, CST, WP, CB and MI were classified as fished areas. Density, biomass and 
species richness of fishes were log (n + 1) transformed before subjected to any 
statistical test to improve the normality of data. ANCOVA test was performed with 
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degree of protection (either protected or fished) as fixed factor and habitat 
complexity as covariate in order to assess the effects of protection while considering 
the effect of habitat complexity at the same time on differences in fish assemblages 
between protected and fished areas. Kruskal-Wallis test was applied to test for the 
difference in habitat complexity among areas. Subsequently, Mann-Whitney U test 
was used as a post hoc test to find out the pair wise difference in habitat complexity 
between areas. Regression analyses between each of the three parameters (mean fish 
density, biomass and species richness) and habitat complexity were carried out to 
reveal effects of habitat complexity alone in affecting fish assemblage measures. 
Finally, spatial comparison of reef fish assemblage structures among sampling areas 
based on fish density and biomass was done using PRIMER. Bray-Curtis Index, 
MDS plot, cluster analysis, ANOSIM and SIMPER were performed in the same 
manner as in the seasonal comparison, but area was selected as the factor under 
investigation instead of season. For SIMPER analysis, typical species of a particular 
area was taken as those species that contributed to similarity of 10 % or more or 
within the accumulated percentage of similarity of 50 % among samples in that area. 
Species would be picked up as differentiating species between areas if it satisfied 
either one of the two criteria: 1) its contribution to dissimilarity between areas was 
10 % or higher; 2) it was a fishery-target species that was present in both areas under 
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comparison and contributed within an accumulated percentage of dissimilarity of 50 
% between areas. 
2.5 Results 
2.5.1 Seasonal trend in mean density, mean biomass and mean species 
richness 
2.5.1.1 Seasonal trend in mean density 
Seasonal variations in mean density of reef fishes were apparent across eight 
sampling areas during the entire sampling period (Figure 2.4). Generally, mean 
density was lowest in winter and then increased in spring. The highest mean density 
was recorded in spring, summer or fall, depending on area and year. For example, in 
2003, the highest mean density was reported in summer in A Ye Wan (AYW) but in 
spring in Chau Mei (CM); And for Chau Tau (CT), the highest mean density was 
detected in summer in 2002 but in fall in 2003. Significant differences in mean 
density (one-way ANOVA/Kruskal-Wallis test, p < 0.05) between seasons were 
detected in all eight sampling areas (Table 2.1). Subsequent post-hoc test after 
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one-way ANOVA showed that mean density in summer was significantly higher than 
that in winter in four sampling areas (Tukey's test, p < 0.05). For the other four areas, 
mean density in summer was much higher than that in winter. 
2.5.1.2 Seasonal trend in mean biomass 
Among the eight sampling areas, six of them recorded the lowest mean biomass in 
winter whilst Coral Beach and Moon Island had lowest mean biomass in spring 
(Figure 2.5). After the trough in winter or spring, mean biomass increased until a 
peak was reached in either summer or fall, depending on the area under consideration. 
A bloom in mean biomass was observed in A Ye Wan in summer 2003. After running 
one-way ANOVA or the Kruskal-Wallis test, significant differences (p < 0.05) in 
mean biomass among seasons were detected in all areas except Chau Mei (Table 2.1). 
Generally, the mean biomass was significantly lowest in winter (Tukey's test, p < 
0.05). 
2.5.1.3 Seasonal trend in mean species richness 
Similar to mean density and mean biomass, seasonal trends in mean species richness 
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appeared in all eight sampling areas (Figure 2.6). Generally, mean species richness 
was lowest in winter and the value increased until the peak in spring, summer or fall, 
depending on sampling year and area. Subsequent statistical test showed that mean 
species richness was significantly different among seasons, except in Coral Beach 
and Moon Island (Table 2.1; ANOVA or Kruskal-Wallis test, p < 0.05). In A Ye Wan, 
A Ma Wan, Chau Mei and Wu Pai, significantly lowest mean species richness was 
recorded in winter (Tukey's test, p < 0.05). 
2.5.2 Seasonal trend in fish assemblage structures 
2.5.2.1 A Ye Wan 
MDS ordination and cluster analysis were performed on species density and species 
biomass data from A Ye Wan separately to visualize the relative similarity in reef fish 
assemblage structures among seasons. The resulting MDS plots and dendrograms 
showed similar results for both data sets. Samples from the same season tended to be 
more similar and thus were grouped together, and the spring grouping was most 
distinctive (Figures 2.7 — 2.10). Overlapping of samples from summer, fall and 
winter occurred in the species density MDS plot and dendrogram but only slight 
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overlapping occurred for species biomass data. ANOSIM analysis indicated 
significant difference in fish assemblage structures among seasons for both data sets 
(Figures 2.11 and 2.12). The global R value measured the degree of difference among 
samples from different seasons. The value obtained was about 0.61 for both data sets 
suggesting that a clear grouping pattern based on seasons appeared, but these groups 
overlapped slightly. For the species density data, fish assemblages were often 
typified by Neopomacentrus bankieri, Gerres macrosoma, Halichoeres nigrescens 
and Amblygobius phalaena, except in winter when the contributing percentage of 
Neopomacentrus bankieri to similarity within samples dropped sharply (SIMPER 
analysis; Figure 2.13 A and B). High density of Siganus canaliculatus and Mugil 
cephalus cephalus in summer differentiated the summer assemblage structure from 
that of other seasons. Results of SIMPER analysis using species biomass data 
showed Gerres macrosoma to be a common top-ranked typical species for all 
seasons. It always contributed more than 10 % of similarity to the fish biomass 
assemblage structure within season (Figure 2.14 A and B). In summer, a bloom in 
biomass of Mugil cephalus cephalus and Siganus canaliculatus differentiated the 
summer samples from those of other seasons. 
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2.5.2.2 A Ma Wan 
Referring to the four MDS plots and dendrograms generated using species density 
and biomass data of fish samples from A Ma Wan, samples from winter tended to 
separate from those of other seasons at similarity level of about 50 %. Samples from 
summer, fall and spring overlapped with each other (Figures 2.15 — 2.18). 
Subsequent ANOSIM analysis on both data sets showed significant differences in 
fish assemblage structures among seasons, but the degree of difference was quite low 
since global R values obtained were very close to 0.25 (Figures 2.19 and 2.20). 
SIMPER analysis with species density data indicated that Neopomacentrus bankieri, 
Chromis notatus, Halichoeres nigrescens and Abudefduf bengalensis were the top 
four typical species for summer, spring and fall (Figure 2.21 A and B). In winter, two 
goby species, Istigobius diadema and Amblygobius phalaena took over Halichoeres 
nigrescens and Abudefduf bengalensis in top four positions. Lower density of 
Neopomacentrus bankieri and Halichoeres nigrescens in winter differentiated the 
winter samples from those of other seasons. For species biomass data, Abudefduf 
bengalensis was typifying samples in spring and fall, whereas Cephalopholis boenak 
and Chromis notatus were typifying samples in summer and winter respectively 
(Figure 2.22 A and B). Higher biomass of fish in summer and fall helped to 
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distinguish these samples from those of the other seasons. 
2.5.2.3 ChauMei 
A general pattern in the species density and biomass MDS plots can be observed 
showing the fish assemblage structures of winter samples from Chau Mei to be 
highly dissimilar from those of other seasons. As can be observed from the 
corresponding dendrograms (Figures 2.23 — 2.26), samples collected in winter were 
only about 35 % similar to those from other seasons. Significant differences in fish 
assemblage structures based on both species density and biomass data were found 
among seasons (ANOSIM; Figures 2.27 and 2.28). The r values were greater than 
0.75 for the pair wise comparison between winter and summer, indicating a distinct 
difference in fish assemblage structures between these seasons. Analysis on the 
species density data showed species typifying fish assemblages in each season to be 
quite different (Figure 2.29 A and B). For example, in spring, the assemblage was 
typified by Sebasticus marmoratus and Pagrus major which were not typical species 
in other seasons. In winter, the assemblage was largely typified by Istigobius 
diadema and Valenciennea immaculate, which were typical species of winter 
samples only. High density of Sebasticus marmoratus and Pagrus major in spring 
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differentiated the spring samples from the others. At the same time, Neopomacentrus 
bankieri was also a common differentiating species between seasons (Figure 2.29 A 
and B). Results of SIMPER analysis on species biomass data showed that typical 
species for summer and fall were highly similar, in which four out of five typical 
species were the same (Figure 2.30 A and B). For winter and spring samples, 
Parapercis snyderi and Sebasticus marmoratus were common typical species with 
high contribution to their similarity. High biomass of fishery target species such as 
Gerres macrosoma, Abudefduf bengalensis and Siganus canaliculatus in summer and 
fall differentiated these seasonal samples from those of winter and spring. 
2.5.2.4 Chau Tau 
Both the species density and biomass MDS plots of fish samples from Chau Tau 
showed the winter samples to be more scattered than samples of other seasons 
(Figures 2.31 and 2.33). Results of cluster analysis on species density data showed 
the winter samples to be separated from the others at the level of about 45 % 
similarity. Samples from summer and spring formed two distinct groups at a higher 
similarity level of about 55 % (Figure 2.32). For species biomass data, samples of 
fall and spring formed two separate groups at the level of about 40 % and 50 % 
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similarity respectively (Figure 2.34). ANOSIM tests for both data sets revealed 
significant differences in fish assemblage structures between seasons, but the degree 
of difference was quite small since the resulting global R values all fell below 0.50 
(Figures 2.35 and 2.36). Similar sets of typical species were picked up by both 
species density and biomass SIMPER analyses. Amphiprion clarkii, Neopomacentrus 
bankieri and Chromis notatus were found to contribute highly to similarity among 
samples in nearly all seasons, except in summer when Takifugu alboplumbeus 
became one of the top three typical species (Figures 2.37 A and 2.38 A). Low density 
of Neopomacentrus bankieri and Chromis notatus in winter differentiated the winter 
samples from those of the other seasons, whereas high density of Sebasticus 
marmoratus that appeared as new recruits in spring made the spring samples 
different from the others (Figure 2.37 B). On the other hand, low biomass of fish 
species such as Gerres macrosoma, Takifugu alboplumbeus and Halichoeres 
nigrescens in winter differentiated the winter samples from those of the other seasons 
in the species biomass analysis (Figure 2.38B). 
2.5.2.5 WuPai 
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2.5.2.6 Cheung Shek Tsui 
From species density and species biomass MDS plots and cluster analysis on data 
collected from Cheung Shek Tsui, similar conclusion could be drawn as in the other 
areas. Winter samples scattered widely in the MDS plots (Figures 2.47 and 2.49). 
They separated from the others at about 15 % level of similarity (Figures 2.48 and 
2.50). At similarity level of around 55 %, spring samples formed an independent 
group while summer and fall samples still mixed together. ANOSIM analysis showed 
significant differences in fish assemblage structures among seasons (Figures 2.51 and 
2.52). SIMPER analysis generated nearly the same set of typical species with species 
density and species biomass data (Figure 2.53 A and 2.54 A). Sebasticus marmoratus, 
Petroscrites breviceps and Apogon pseudotaeniatus were typical species in winter 
that were not found in other seasons whereas Neopomacentrus bankieri, Halichoeres 
nigrescens, Abudefduf bengalensis and Cephalopholis boenak were typifying 
samples in spring, summer and fall. Neopomacentrus bankieri and Halichoeres 
nigrescens had high contribution in differentiating the winter samples from the others 
in the species density SIMPER analysis (Figure 2.53 B). In spring, high density of 
recruits of Pagrus major was important in the differentiation of its samples. For the 
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species biomass SIMPER analysis, low biomass of both Halichoeres nigrescens and 
Abudefduf bengalensis made samples of winter different from those of other seasons 
(Figure 2.54 B). Unlike the SIMPER analysis with species density data, Pagrus 
major was not found to be important in the differentiation of spring samples. 
2.5.2.7 Coral Beach 
From the two MDS plots generated using species density and species biomass data, it 
was found that samples from fall and summer in Coral Beach were more widely 
scattered on the plots than the spring and winter samples (Figures 2.55 and 2.57). 
Cluster analysis of species density data showed that samples from summer, spring 
and winter formed distinct groups at about 55 % to 65 % levels of similarity, with fall 
samples being mixed into their groups (Figure 2.56). For species biomass data, only 
samples from spring formed a unique group at about 65 % similarity level (Figure 
2.58). Fish assemblage structures were significantly different among seasons as 
shown by the ANOSIM analysis (Figures 2.59 and 2.60). Neopomacentrus bankieri, 
Gerres macrosoma and Abudefduf bengalensis were often found to be the typical 
species in Coral Beach with the species density data (SIMPER analysis; Figure 2.60 
A). In addition, high density of Pagrus major and Sebasticus marmoratus typified 
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spring samples and also had high contribution in differentiating its samples from the 
others (Figure 2.60 A and B). High density of goby species such as Istigobius 
diadema, Amblygobius phalaena and Valenciennea immaculate in winter made the 
winter samples different from those of summer and fall. Based on the species 
biomass SIMPER analysis, Abudefduf bengalensis was always the top species in 
typifying the fish assemblage of a season (Figure 2.61 A). Fishery target species such 
as Acanthopagrus schlegei and Cephalopholis boenak were important in causing 
differences in fish assemblage structures among seasons (Figure 2.61 B). For 
example, high biomass of Acanthopagrus schlegei in winter samples made them 
different from the others. 
2.5.2.8 Moon Island 
The species density MDS plot for samples from Moon Island revealed that samples 
from the same season tended to be closer together (Figure 2.63). On the dendrogram 
generated using the same data set, a group composed of summer samples was 
identified at the similarity level of 55 % (Figure 2.64). With the species biomass data, 
samples from summer, spring and winter formed three main groups with fall samples 
mixed among them on the MDS plot (Figure 2.65). However, no clear cut grouping 
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pattern was observed on the dendrogram (Figure 2.66). In subsequent ANOSIM test, 
significant differences in fish assemblage structures were found among seasons with 
both data sets (Figures 2.67 and 2.68). Recruits of Pagrus major and Sebasticus 
marmoratus typified spring samples in species density SIMPER analysis, whereas 
Neopomacentrus bankieri, Gerres macrosoma and Halichoeres nigrescens were 
highly ranked typical species in summer and fall (Figure 2.69 A). In spring, high 
density of Pagrus major and Sebasticus marmoratus had considerable contribution in 
the differentiation of its samples from others (Figure 2.69 B). For the species 
biomass SIMPER analysis, summer, fall and winter had nearly the same typical 
species that included Neopomacentrus bankieri, Gerres macrosoma and Halichoeres 
nigrescens in the top three positions. But in winter, Abudefduf bengalensis took over 
Halichoeres nigrescens as one of the top three (Figure 2.70 A). Fishery target species 
such as Siganus canaUculatus, Gerres macrosoma, Abudefduf bengalensis and 
Cephalopholis boenak were important in the differentiation of samples among 
seasons (Figure 2.70 B). For example, in summer and fall, higher biomass of fishery 
target species differentiated their samples from those of spring and winter. 
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2.5.3 Spatial comparison between protected and fished areas in each 
sampling season 
Spatial comparison of mean density, mean species richness and mean biomass 
between protected and fished areas was carried out in order to investigate the 
protection effects on fish assemblages. Other than protection, difference in habitat 
complexity between protected and fished areas may also lead to difference in the fish 
assemblages between them. To address this problem, Analysis of Covariance 
(ANCOVA) was applied for each season separately, using protection as fixed factor 
and habitat complexity as co-variate.. With ANCOVA, it is possible to test for the 
significant difference in the three fish assemblage measures between protected and 
fished areas with the effects of habitat complexity removed. 
2.5.3.1 Comparison of mean fish density 
Generally, mean density of reef fishes was higher in protected areas than in fished 
areas (Figure 2.71). Before fall 2003, no significant difference in mean density could 
be found between protected and fished areas except in fall 2002 when mean density 
was significantly higher in protected areas (Figure 2.71). Starting from fall 2003 and 
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up to the end of the sampling period in spring 2004, mean fish density was 
significantly higher in protected areas. 
2.5.3.2 Comparison of mean fish species richness 
Mean species richness of fish was higher in protected areas than in fished areas 
throughout the eight sampling seasons (Figure 2.72). However, results of ANCOVA 
showed that this difference was statistically significant only in fall 2002, summer 
2003 and winter 2004 (Figure 2.72). 
2.5.3.3 Comparison of mean fish biomass 
During the entire sampling period, mean fish biomass was higher in protected areas 
than in fished areas (Figure 2.73). The results of ANCOVA indicated that this 
difference was statistically significant in the four seasons from summer 2003 to 
spring 2004 (Figure 2.73). 
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2.5.4 Relationship of mean density, mean species richness and mean biomass 
with habitat complexity 
A significant difference in habitat complexity was detected between areas (Figure 
2.74). This difference may result in variations in the characteristics of fish 
assemblages among areas. In order to find out the effects of habitat complexity on 
fish assemblage structure, data on mean density, mean species richness and mean 
biomass of reef fishes from the eight sampling areas were regressed against their 
index values of habitat complexity. 
2.5.4.1 Mean fish density versus habitat complexity 
Mean fish density was regressed against index value of habitat complexity for each 
season separately. Except for winter 2003, spring 2003 and winter 2004, the 
regression analysis was significant (ANOVA, p < 0.05) for all the other seasons 
(Figure 2.75). Among those significant regressions, the R2 values ranged from 0.123 
in fall 2003 to 0.328 in summer 2002. 
5 6 
2.5.4.2 Mean species richness of fish versus habitat complexity 
For the regression analysis between mean species richness of fish and habitat 
complexity, a significant relationship was found in summer 2002, fall 2002 and 
spring 2004 only (Figure 2.76). The generated R2 values ranged from 0.140 in spring 
2004 to 0.224 in summer 2002. This indicated that only a small amount of the 
variation in fish species richness could be explained by habitat complexity. 
2.5.4.3 Mean fish biomass versus habitat complexity 
Five out of the seven sampling seasons indicated a non-significant linear relationship 
between mean biomass of reef fishes and habitat complexity. A significant regression 
was found only in fall 2002 and spring 2004 (Figure 2.77). The R2 values were very 
similar in the two seasons, which were 0.296 and 0.294 respectively. 
2.5.5 Spatial comparison of reef fish assemblage structures 
2.5.5.1 Summer 2002 
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In summer 2002, only fish species density data were collected in the four sampling 
areas, AYW, AMW, CM and CT. MDS ordination using the data set showed that 
samples from protected areas (AYW and AMW) tended to separate from samples 
from fished areas (CM and CT) (Figure 2.78). In addition, samples from the same 
areas tended to group together. In the subsequent cluster analysis, nearly all samples 
from the fished areas were separated from those from the protected areas at 50 % 
similarity level (Figure 2.79). A significant difference in fish assemblage structures 
was detected among areas (ANOSIM, Figure 2.80). The r values for all pair wise 
comparisons between protected and fished areas were at least 0.70, indicating a clear 
distinction of samples between the two groups. Neopomacentrus bankieri and 
Halichoeres nigrescens were the common typical species for all the four areas 
(SIMPER analysis, Figure 2.81 A). In AYW, the high density of fishery target species 
like Siganus canaliculatus had high contribution to differentiation of its samples 
from those in fished areas (Figure 2.81 B). However in AMW, the density of Siganus 
canaliculatus was lower than that in the two fished areas. This species was 
nevertheless one of the important species that differentiated the AMW samples from 
the others. 
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2.5.5.2 Fall 2002 
Starting from fall 2002, species biomass data were collected from the respective 
sampling areas in addition to species density data. MDS plots and dendrograms were 
generated using these two data sets separately (Figures 2.82 - 2.85). On the two 
MDS plots, samples from protected areas tended to form more distinct groups while 
samples from fished areas were more scattered (Figures 2.82 and 2.84). Obvious 
grouping was observed in both data sets, with samples from protected areas separated 
from those from fished areas at about 50 % level of similarity (Figures 2.83 and 2.85). 
Significant difference in fish assemblage structures among areas was detected with 
global R values greater than 0.70，suggesting a substantial difference in both fish 
density and biomass existed among areas (Figures 2.86 and 2.87). Neopomacentrus 
bankieri and Halichoeres nigrescens were the common typical species for all areas 
when considering species density data (SIMPER analysis, Figure 2.88 A). Higher 
density of fishery target species in AYW and AMW differentiated these samples from 
those of CM and CT (Figure 2.88 B). With species biomass data, fishery target 
species such as Gerres macrosoma and Abudefduf bengalensis became more 
important in typifying groups of samples (SIMPER analysis; Figure 2.89 A). Again, 
higher biomass of fishery target species contributed more highly to the differentiation 
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of samples between protected and fished areas (Figure 2.89 B). 
2.5.5.3 Winter 2003 
MDS plots and dendrograms of species density and species biomass data in this 
season were highly similar (Figures 2.90 - 2.93). Samples tended to group according 
to areas when displayed on MDS plots, and samples from protected areas were 
separated from samples from fished areas on the dendrograms at about 40 % 
similarity level. ANOSIM test confirmed the spatial grouping pattern with a clear 
distinction of fish assemblage structures among areas (Figures 2.94 and 2.95). 
Degree of difference in fish assemblage structures was considerable between 
protected and fished areas using both data sets as most of the r values in the pair wise 
comparison were greater than 0.75 or even approaching 1.00. High density of species 
from the family Gobiidae, such as Amblygobius phalaena and Istigobius diadema, 
was important in typifying samples in this season (SIMPER analysis; Figure 2.96 A). 
Higher density of Amphiprion clarkii in CT helped to distinguish its samples from 
those of AMW and CM (Figure 2.96 B). In some cases, it was not possible to pick up 
differentiating species between areas since there was no shared species that occurred 
in both areas within the accumulated percentage of dissimilarity of 50 %. In SIMPER 
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analysis using species biomass data, it was found that species with small body size 
such as Parapercis snyderi, Amblygobius phalaena and Istigobius diadema were 
important typical species for all areas (Figure 2.97 A). Similar to the result using 
species density, Amphiprion clarkii was an important species in differentiating CT 
samples from those of CM and AMW (Figure 2.97 B). 
2.5.5.4 Spring 2003 
Starting from this season, fish assemblages in Cheung Shek Tsui (CST) and Wu Pai 
(WP) located in Kat O Chau and Ngo Mei Chau respectively were also surveyed, in 
additional to the other four areas AYW, AMW, CM and CT. These two areas were 
considered as fished areas. Both species density and species biomass data generated 
MDS plots showed a stress level higher than 0.20, indicating that these 
two-dimensional plots do not give a good representation of the similarity among 
samples (Figures 2.98 and 2.100). At similarity level of 60 % � s a m p l e s from AYW 
and AMW (protected areas) could be clustered into one group that is mixed with 
samples from CST and CM in the density (Figure 2.99) and biomass (Figure 2.101) 
dendrograms respectively. ANOSIM analysis using both data sets revealed a 
significant difference in fish assemblage structures among areas (Figures 2.102 and 
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2.103). Based on SIMPER analysis using species density data, Neopomacentrus 
bankieri and Halichoeres nigrescens were species that had high contribution in 
typifying fish assemblages of AYW, AMW, WP and CST, whereas Sebasticus 
marmoratus was the top-ranked typical species in both CM and CT (Figure 2.104 A). 
When comparing between protected and fished areas, samples from protected areas 
were often differentiated from samples from fished areas due to their higher density 
of fishery target species. The exceptions being for CM and CST which also showed 
high density of fishery target species (Figure 2.104 B). Species biomass SIMPER 
analysis showed Gerres macrosoma to be one of the top-ranked typical species in 
addition to Neopomacentrus bankieri and Halichoeres nigrescens (Figure 2.105A). 
Again, higher biomass of fishery target species in protected areas often differentiated 
these samples from those of fished areas, except for CM and CST which also showed 
high biomass of these species (Figure 2.104 B). 
2.5.5.5 Summer 2003 
Starting from this season, fish assemblages in Coral Beach (CB) and Moon Island 
(MI) located in Hoi Ha Wan Marine Park were also surveyed, in additional to the 
other six areas AYW, AMW, CM, CT, WP and CST. As shown in both species 
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density and biomass MDS plots, samples from AYW and AMW tended to overlap 
with those of CM and MI, but separated well from those of other fished areas 
(Figures 2.106 and 2.108). In the subsequent cluster analyses, samples from AYW 
formed a distinctive group at 65 % and 50 % levels of similarity for density and 
biomass data respectively whereas AMW samples were mixed with CM samples in 
the biomass dendrogram (Figures 2.107 and 2.109). Fish assemblage structures were 
significantly different among areas, yielding global R values of 0.767 and 0.695 
respectively for density and biomass data (ANOSIM analysis, Figures 2.110 and 
2.111). In this season, Neopomacentrus bankieri dominated the species density data 
and was the top-ranked typical species in most areas, except CM and CT (SIMPER 
analysis; Figure 2.112 A). High density of Mugil cephalus cephalus in AYW 
differentiated its samples from the others, whilst higher density of Siganus 
canaliculatus and Cephalopholis boenak in AMW made them the differentiating 
species of this area (Figure 2,112 B). From the species biomass data, only a few 
areas shared the same top ranked typical species. These species were often those with 
high biomass such as Mugil cephalus cephalus in AYW and Cephalopholis boenak 
in AMW (Figure 2.113 A). At the same time, these species were important in 
differentiating samples of AYW and AMW from the others (Figure 2.113 B). 
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2.5.5.6 Fall 2003 
In the species density MDS ordination, a group was observed at the center of the plot 
that was mainly composed of samples from AYW. CB and MI (Figure 2.114). 
Samples from AWW separated well from the others and this grouping pattern was 
also shown in the cluster analysis at 55 % level of similarity (Figure 2.115). At this 
similarity level, three other groups were formed that were mainly composed of 
samples from CM. CT and CST. On the other hand, the species biomass data, with a 
stress level higher than 0.20. were not well represented in a two-dimensional MDS 
plot (Figure 2.116). The cluster analysis using the same data set showed the 
separation of samples into five groups at about 45 % level of similarity. Samples 
from AMW, CT and CM formed distinctly separate groups. Some samples from WT 
formed another distinct group, and the remaining samples from other areas mixed 
together to form a large heterogeneous group (Figure 2.117). ANOSIM analysis 
revealed significant difference in fish assemblage structures among areas (Figures 
2.118 and 2.119). Neopomacentrus bankieri dominated the species density and was 
the top-ranked typical species in most areas, except CM and WP (SIMPER analysis. 
Figure 2.120). Higher density of fishery target species in AYW, AMW and CM 
differentiated these samples from the others (Figure 2.120 B). Fish assemblage 
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structures were often typified by species with higher biomass, such as Abudefduf 
bengalensis, Gerres ruacrosoma and Cephalopholis boenak in the biomass SIMPER 
analysis (Figure 2.121 A). Fishery target species were important in the differentiation 
between areas, but in this season, no single area supported distinctly higher biomass 
of these species (Figure 2.121 B). 
2.5.5.7 Winter 2004 
MDS plots and dendrograms based on data collected in this season did not show any 
obvious grouping of samples with respect to areas (Figures 2.122 — 2.125). At the 
center of the MDS plots is a heterogeneous mix of samples from AYW, AMW, CB, 
MI and CM (Figures 2.122 and 2.124). Subsequent ANOSIM analysis using both 
species density and biomass data found significant difference in fish assemblage 
structures among areas with global R values close to 0.50, indicating that samples 
from different areas overlapped (Figures 2.126 and 2.127). SIMPER analysis using 
species density data found that fish assemblage structures were mostly dominated by 
species with small body size such as Amblygobius phalaena, Chromis notatus and 
Parapercis snyderi (Figure 2.128 A). Many pair wise comparisons could not be 
performed due to a lack of shared species among areas (Figure 2.128 B). Both 
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fishery target and non-target species were important in the differentiation of samples 
between areas. In addition to species with small body size, Gerres macrosoma and 
Abudefduf bengalensis were top-ranked typical species in the species biomass 
SIMPER analysis (Figure 2.129 A). Again, both fishery target and non-target species 
were important in the differentiation of samples between areas (Figure 2.129 B). 
2.5.5.8 Spring 2004 
In the species density MDS plot, only samples from AMW, CT and WP formed 
separate groups more distinctly whereas samples from other areas tended to mix 
together or to be scattered all over the plot (Figure 2.130). In the corresponding 
dendrogram, samples from AMW and CT formed two distinct groups at 60 % level 
of similarity (Figure 2.131). Samples from WP mixed with some samples from MI to 
form another group. On the other hand, species biomass MDS ordination showed that 
only samples from AMW and WP formed clear cut groups (Figure 2.132). Samples 
from AMW and CT were clustered in two separate groups at about 50 % similarity 
level in the dendrogram (Figure 2.133), with other clusters making up of 
heterogeneous samples from different areas. Although only a weak spatial grouping 
was observed, ANOSIM analysis indicated significant difference in fish assemblage 
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structures among areas, with global R values equaled to 0.756 and 0.708 respectively 
for species density and biomass data sets (Figures 2.134 and 2.135). The species 
density SIMPER analysis showed that fish assemblage structures in different areas 
were mainly typified by Neopomacentrus bankieri, Pagrus major or Chromis notatus 
(Figure 2.136 A). Generally, common species such as Neopomacentrus bankieri, 
Cephalopholis boenak, Gerres macrosoma and Abudefduf bengalensis were 
important in the differentiation of samples between areas (Figure 2.136 B). In 
contrast, the species biomass SIMPER analysis indicated that typical species were 
quite different between areas (Figure 2.137 A). Only two pairs of area shared the 
same top ranked typical species i.e., AYW and WP; CM and CST. Generally, higher 
biomass of fishery target species in the protected areas (AYW and AMW) 
differentiated their samples from those of the fished areas (Figure 2.137 B). 
2.6 Discussion 
2.6.1 Seasonal changes in reef fish assemblages 
Located in the sub-tropical region, marine environment of Hong Kong is subjected to 
fairly large seasonal fluctuation in water temperature and salinity, with water 
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temperature as high as 30 °C in summer and as low as 14 °C in winter, and salinity 
ranges from 2 %o in summer to 34 7oo in winter. The extremely low salinity value is 
recorded at the western waters of Hong Kong, where large amount of freshwater is 
flushed from the Pearl River. The difference in temperature may probably influence 
reef fish assemblages, as suggested by the study of Floeter et. al. (2001) that species 
richness of reef fish assemblages along the Brazilian coast was affected by variation 
of sea surface temperature in different areas. On the contrary, there is a lack of 
evidence to support that salinity is linked to seasonal changes in reef fish 
assemblages. Besides sea surface temperature and salinity, current systems that are 
affecting Hong Kong waters are changing with seasons and the changing current 
pattern may bring larvae of reef fishes from different sources. The combined effect of 
these factors would surely affect local reef fish assemblages and it is important to 
understand seasonal changes in reef fish assemblages for both their conservation and 
protection. 
In the current study, a consistent and strong seasonal trend in density of reef fishes 
was detected across all sampling areas. Using season as the factor under investigation, 
the effect of season on fish density was found to be significant for all sampling areas 
(one-way ANOVA, p < 0.05). Lowest number of fishes was recorded in winter and 
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this was significant in four sampling areas (Table 2.1; Tukey test, p < 0.05). In two 
fished areas, WP and CST, fish density was even close to 0 in winter 2004 (Figure 
2.4). The low number in these two areas may be a result of intensive fishing as long 
chains of fishing cages were found along the entire coral communities during our 
sampling survey. In addition, according to diver's observation in the field, fishes in 
all areas were relatively inactive during winter time and some of the abundant 
species, such as Neopomacentrus bankieri and Chromis not at a were found hiding 
under corals or in crevices. This might explain the low number of fishes observed. 
After the cold winter, temperature started to rise in spring and fish number increased. 
During this period, new recruits of Neopomacentrus bankieri, Pagrus major and 
Sebasticus marmoratus appeared in large number and this bloom in recruits was 
strong in CM and WP and thus led to the highest density of fishes in spring 2003 
recorded for these areas. Most areas had the highest number of fishes in summer, and 
the density remained at high level until fall. Eventually, fish density dropped again 
and fell to the minimum in winter. 
In comparison, a similar trend was observed on changes in fish biomass with seasons. 
Except for CM, significant differences in mean biomass among seasons were found 
in all other sampling areas (Figure 2.5). The mean biomass was generally lowest in 
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winter, except in CB and MI where lowest value was recorded in spring (Figure 2,5). 
During the seasonal change from winter to spring, fish biomass rose but the degree of 
increase was less than that of fish density over the same period. For example, from 
winter to spring 2003, the mean density of fishes in AYW increased by 300 % (0.51 
2 i • 
to 2.08 per m ) while mean biomass increased by less than 20 % (3.68 to 4.39 g per 
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m ). The difference in the extent of increase between mean density and mean 
biomass was possibly due to the nature of increase in fish recruits in spring, when 
they formed large aggregations but contributed only to a small increase in the overall 
fish biomass due to their small body sizes (approximately 1 cm). Highest biomass 
always appeared in summer or fall. In AYW, an extremely high biomass was 
recorded in summer 2003 and this was mainly due to the presence of mullets Mugil 
cephalus cephalus, which was once heavily fished by the use of gill nets before the 
protection of the area was enforced. 
The trend of species richness remained more or less the same in CB and MI across 
different seasons. Therefore, no significant seasonal effect on species richness could 
be detected in these areas (ANOVA, p > 0.05). In contrast, the seasonal effect was 
significant for other areas and the number of species present was lowest in winter 
(Figure 2.6; ANOVA, p < 0.05). It is possible that some of these fish species were 
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hiding in crevices or caves or had even moved to deeper water during winter, thus 
resulted in a smaller number of fish species detected. After winter, species richness 
increased. This may probably be caused by movement of fishes back to the coral 
communities and/or seasonal migration of fish species like Mugil cephalus cephalus, 
which was found frequenting the coral communities during summer and fall. 
Cornish (2000) investigated the seasonal variation of fish assemblages in coral 
communities of Hong Kong. In his study, he also found lower density, biomass and 
species richness of fish in winter. He suggested that drops in the three fish 
assemblage measures were more likely caused by decrease in sea surface temperature 
rather than increase in salinity in winter. It is because the higher salinity value (37 
%o) measured in winter was only slightly higher than the normal salinity of currents 
(31-35 %o) flowing through in Hong Kong, and local species such as Upeneus 
tragula, Amphiprion clarkii, Stethoulis interrupta and Thalassoma lunare were able 
to live in higher salinity condition in other places such as the Arabian Gulf. On the 
other hand, there is considerable amount of literatures that support the association of 
low water temperature with decreased abundance of fishes in shallow water coral 
communities. The drop in abundance may be related to migration of fishes to deeper 
water, where the environment is more stable (Coles and Tarr, 1990; Parker, 1990), 
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and/or hiding of fishes in caves and crevices during the coldest period (Kotrschal, 
1983) of the year. These observations agree well with those made in the present 
study. 
Other than investigation on the seasonal trends of fish density, biomass and species 
richness, attempts were made in the present study to assess seasonal variations in fish 
assemblage structures in each of the eight sampling areas, using both species density 
and species biomass data. MDS plots and dendrograms were generated for each area 
separately to visualize the relative similarity of samples from different seasons. 
Generally, it was found that samples in winter were often highly dissimilar from 
those of other seasons, especially the summer samples. Overlapping of fish 
assemblages in samples from summer, fall and spring occurred in most sampling 
areas. Clear examples were shown on four MDS plots of CST and WP where 
samples of summer, fall and spring clustered together to form a group with the winter 
samples being separated from this main group. Similar grouping pattern was 
observed on most MDS plots from different sampling areas. Corresponding 
dendrograms often supported this grouping pattern where samples from winter were 
separated from the others at similarity level ranging from approximately 10 % for 
WP biomass data (Figure 2.42) to 65 % for CB density data (Figure 2.56). From the 
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subsequent ANOSIM analysis, all eight sampling areas showed significant difference 
in fish assemblage structures among seasons. Global R values were greater than 0.50 
for most areas, which meant that samples from different seasons formed overlapping 
but clearly different groups. Finally, by looking into the SIMPER analysis, it is 
possible to seek the explanations to variations in fish assemblage structures between 
seasons. In the species density SIMPER analysis, it was found that typical species in 
winter samples were often different from those in the other seasons. For examples, in 
AYW, samples of summer, spring and fall were typified by common species such as 
Neopomacentrus bankieri, Halichoeres nigrescens and Gerres macrosoma. However, 
in winter, the relative importance of these species dropped and certain goby species 
like Amblygobius phalaena and Istigobius diadema took over their places on the list 
of typical species (Figure 2.13 A). Similar variation in typical species was detected in 
most sampling areas. Once again, this might be due to the hiding behavior and/or 
emigration of these common species during winter that resulted in a sharp drop in 
their number in different sampling areas. In spring, large number of recruits of 
Pagrus major and Sebasticus marmoratus arrived at all sampling areas. This bloom 
in recruitment moved the two species to higher places on the list of typical species in 
the density SIMPER analysis of many sampling areas, such as CM and CB (Figures 
2.29 A and 2.61 A). At the same time, the high density of recruits was important in 
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differentiating spring samples from the others in the species density SIMPER 
analysis, but not in the species biomass SIMPER analysis due to the small total 
biomass contributed by the recruits. Moreover, summer samples could often be 
differentiated from the others by the presence of higher density and biomass of fish 
species, while winter samples were distinguishable from the rest by their lower fish 
density and biomass. These findings agreed well with the seasonal trends of fish 
density and fish biomass discussed above, where both parameters were generally 
lowest in winter and highest in summer. 
2.6.2. Effects of protection and habitat complexity on density, biomass and 
species richness of fish assemblages 
Marine reserves or marine protected areas have been used as tools in fishery and 
conservation management. It is expected that fish assemblages within reserves would 
benefit from a ban on fishing. Spatial comparison of protected areas with fished areas 
is a common approach employed by researchers and reserve managers to assess the 
effects of protection. In this study, monitoring of fish assemblages in two protected 
areas and six fished areas were carried out. Spatial comparison of the eight sampling 
areas was then conducted to find if there were any signs of protection effects, 
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including enhancement in fish density, biomass, species richness and fish assemblage 
structures as a whole. However, apart from protection, factors such as season and 
habitat complexity of sampling areas could also affect the fish assemblages. In order 
to isolate the effect of protection in affecting density, biomass and species richness of 
fishes, ANCOVA was performed for each season separately. This approach was 
widely used in related studies by other researchers to evaluate the effects of 
protection on changes in fish assemblages (Grigg, 1994; McClanahan, 1994). 
The effects of protection on fish density and biomass in protected areas can be 
expressed as ratios of these two parameters in protected areas to those in fished areas. 
During the entire sampling period, the ratio of density between protected and fished 
areas ranged from 0.76 in spring 2003 to 2.89 in fall 2002, while the ratio of biomass 
was between 0.89 in spring 2003 to 5.00 in summer 2003 (Figures 2.71 and 2.73). 
Generally, both measures were higher in protected areas than in fished areas. Russ 
(2002) computed the ratio of reserve density/biomass to fished density/biomass 
based on results of spatial comparison between fished areas and reserves under 
different years of protection and found the average ratio to be about 2.5. This was 
comparable to those found in the current study. From the result of ANCOVA, it was 
found that the enhancement effect of fish density started to appear in protected areas 
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in fall 2003. Significantly higher density of reef fish was found in protected area until 
spring 2004, the end of the sampling period. The effect of protection on fish biomass 
emerged even earlier in summer 2003 when the fish biomass was significantly higher 
in protected than in fished areas. This situation persisted throughout the year till 
spring 2004. The enhancement effects on fish density and biomass were detected 
after about 2.5 years of protection of AYW and AMW. This was similar to the result 
from the study conducted by Polunin and Roberts (1993) who found enhancement 
effects after three years of protection of Saba Marine Park and Hoi Chan Marine 
Reserve in the Caribbean. However, species richness of fish did not clearly benefit 
from protection. Until the end of sampling in spring 2004, significantly higher 
number of species in protected areas was only observed in fall 2002, summer and 
winter 2003 (Figure 2.72). This increase in species richness, however, did not persist 
for extended period. 
The three parameters above were regressed against the index values of habitat 
complexity to assess the importance of this factor in affecting fish assemblages. All 
three parameters showed positive relationship with habitat complexity (Figures 
2.75 — 2.77). The regression analysis on fish density revealed significant effect of 
habitat complexity except in winter 2003, spring 2003 and winter 2004 (Figure 2.75). 
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The highest R2 value (二0.038) was obtained in summer 2003 and was relatively 
lower in other seasons. This suggests that habitat complexity, while important, could 
only explain up to about 33 % of the variance in fish density. With higher habitat 
complexity, more shelters are available for fishes, and this leads to higher abundance 
of fishes found. However, no effect of habitat complexity could generally be found 
on fish density in winter and spring. This may be related to changes in fish 
distribution and/or behavior and bloom of recruits respectively in the two seasons. In 
winter, it is suspected that many fishes were either hiding or had migrated to deeper 
regions, so that the observed abundance of fishes may be unrelated to habitat 
complexity of the sampling areas. In spring, large amounts of recruits arrived in all 
sampling areas irrespective of their habitat complexity. This arrival of recruits was 
more likely affected by current rather than by habitat complexity i.e. more complex 
habitats may not necessarily attract more fish recruits. All these would lead to a 
non-significant relationship between fish density and habitat complexity during the 
two seasons. In contrast, relationships of fish biomass and species richness with 
habitat complexity were often not significant. Fish biomass is affected by both the 
number of fishes and the sizes of fishes found in an area. Although habitat 
complexity may affect the number of fishes as shown above, it may not be affecting 
the sizes of fishes and hence may not exert any effects on fish biomass. On the other 
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hand, the existence of a species in a habitat depends on a number of factors, such as 
the availability of sources of larvae, availability of food and presence of competitors 
and predators. These factors may affect species richness in a habitat and thus weaken 
the relationship between species richness of fish and habitat complexity. 
In addition to habitat complexity, fish assemblages may also be affected by the nature 
of habitat as supported by the results from other studies. For example, Zekeria and 
Videler (2000) found that the abundance of several chaetodontid (butterflyfish) 
species was significantly correlated with the live coral cover in the southern Red Sea. 
Moreover, Chittaro (2004) demonstrated that the structure of reef fish communities at 
Tague Bay of U.S. Virgin Island could be explained in large part by the composition 
of coral and algae communities present. Among the eight sampling areas in the 
current study, difference in their habitat characteristics exists. CM and CT have the 
lowest coral cover (lower than 10 %) and this made their habitats distinctly different 
from those of the other six sampling areas, which are coral communities with coral 
cover that ranged from 46 % in AYW to 70 % in CST. However, the difference in 
coral cover may not necessarily lead to difference in fish assemblages between areas. 
Cornish (2000) pointed out that most fish species found around coral communities in 
Hong Kong are also found on rocky areas. In addition, large aggregations of fishes 
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are often found between crevices irrespective of the nature of the substrata (personal 
observations). 
2.6.3 Effects of protection on fish assemblage structures 
Nearly all studies on protection effects concentrated on the comparison of fish 
density and biomass between protected and fished areas. Only a few of them were 
focused on the difference in their fish assemblage structures (Russ and Alcala, 
1998a). After protection of a previously exploited area, it is possible for the fish 
assemblage structure to change through several ways. Firstly, fish species that were 
targeted before may increase in abundance and biomass. Secondly, protection may 
bring secondary effects involving changes in predator-prey and competition 
interactions. For example, increase in abundance of groupers after protection may 
increase the predatory pressure on their preys and subsequently leads to a drop in 
their number. The combined effects of these could modify the fish assemblage 
structure, causing it to differ from that of the fished areas. 
In this present study, fish assemblage structures in the eight sampling areas were 
compared for eight seasons separately. Generally, fish assemblage structures of 
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protected areas were dissimilar from those of fished areas as shown on MDS plots 
and dendrograms generated by species density and biomass data in different seasons. 
Samples from protected areas and fished areas tended to slightly overlap or clearly 
separate from each other on MDS plots. For example, in fall 2002, samples from 
protected areas clustered on the left hand side with samples from fished areas 
scattered on other parts of the species density MDS plot (Figure 2.82). In summer 
2003, samples from protected areas formed a distinct group that was slightly mixed 
with three samples from CM (fished areas) on the species biomass MDS plot (Figure 
2.108). Dendrograms obtained by cluster analysis showed that protected samples 
separated from fished samples in most seasons at similarity level between 40 % (both 
data sets in winter 2003) and 65 % (density data in summer 2003). Differences in 
fish assemblage structures examined by ANOSIM analysis, using area as a factor, 
confirmed the significant difference in fish assemblage structures among areas. All 
global R values obtained were larger than 0.50. This indicated that samples from 
different areas formed overlapping to clearly different groups, as shown in the 
patterns on MDS plots and dendrograms. Although significant differences in fish 
assemblage structures were found among areas in eight sampling seasons, causes of 
these differences were unclear. Protection of fish assemblages was likely to be one of 
them. Therefore, in order to look for more concrete evidences of protection effects on 
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tish assemblages, SIMPER analyses were performed for each season separately to 
pick up important typical species of each area and differentiating species between 
areas. Fishery target species would be the major focus because if protection enhanced 
fish assemblages, their abundances and biomasses would be higher in protected areas, 
leading to uniqueness of protected fish assemblages that are different from fished fish 
assemblages. On one hand, when looking into the list of typical species, non 
area-specific seasonal variation in fish assemblages was observed instead of any 
effects of protection. For the species density data, Neopomacentrus bankieri and 
Halichoeres nigrescen were often the top ranked typical species in most sampling 
areas except in winter. Summer 2002 showed a typical case when the two species had 
high contribution to similarity within samples in six out of eight sampling areas. The 
percentage of contribution ranged from 11.47 % to 42.16 % for Neopomacentrus 
bankieri and from 8.01 % to 19.78 % for Halichoeres nigrescen (Figure 2.120 A). 
Domination of the two species in the analysis was due to their consistent high 
abundance in many sampling areas, which was not related to any effects of 
protection. Underwater visual census carried out by Tam (2005) in AYW and AMW 
also found a high abundance of these species in summer of 1998 and 1999 (before 
protection of the two areas). However, in winter, abundance of the two species 
dropped and their contribution to similarity within samples decreased in all sampling 
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areas (Figures 2.96 A and 2.128 A). In spring, recruits of Sebasticus marmoratus and 
Pagrus major became important typical species in many sampling areas in addition 
to Neopomacentrus bankieri and Halichoeres nigrescen (Figures 2.104 A and 2.136 
A). 
On the other hand, signs of protection effects were apparent when looking into the 
list of differentiating species between protected and fished areas. SIMPER analysis 
with species density data revealed that higher density of fishery target species in 
protected samples were important in differentiating them from fished samples in five 
out of eight sampling seasons, which included summer 2002, fall 2002, spring 2003, 
summer 2003 and fall 2003. For example, in summer 2003, consistently higher 
densities of Mugil cephalus cephalus and/or Siganus canaliculatus were found in 
AYW samples while higher densities of Cephalopholis boenak and/or Siganus 
canaliculatus were found in AMW samples when comparing them with samples in 
other fished areas (Figure 2.112 B). These fishery target species had high 
contribution to differentiation of protected samples from fished samples. The higher 
density of fishery target species in protected areas was probably due to enhancement 
by protection, which consequently led to differentiation of fish assemblages in 
protected areas from those of fished areas. Similar observation could be made when 
82 
considering the species biomass SIMPER analysis. Four out of seven sampling 
seasons indicated higher biomass of fishery target species in protected areas that was 
important for their differentiation from fished areas. These sampling seasons 
included fall 2002, spring 2003, summer 2003 and spring 2004. Using summer 2003 
as an example again, biomass of Mugil cephalus cephalus in AYW and 
Cephalopholis boenak in AMW was consistently higher than that in fished areas. 
This was important for the differentiation of these samples from those of fished areas 
(Figure 2.113 B). The differentiation of fish assemblage structures may again be due 
to the enhancement of biomass of fishery target species in protected areas. 
2.6.4 Determination of best sampling seasons for monitoring of protection 
effects in protected areas 
Once a marine protected area is established, it is important to know whether it is 
functioning properly in enhancing the fish assemblage inside it. Monitoring of fish 
assemblages in both protected and fished areas is essential to test for the existence of 
protection effects. However, with the limitation on budget and manpower for 
monitoring programs, it is necessary to concentrate monitoring efforts in sampling 
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seasons that can properly s h o w the effects of protection in protected areas. In this 
study, monitoring of fish assemblages w a s carried out in s u m m e r , fall, winter and 
spring. F r o m the results obtained, it is suggested that s u m m e r and fall should be 
placed in higher priority w h e n considering the best season to carry out the 
monitoring of fish assemblages. In winter, fish abundance, biomass and species 
richness were often at m i n i m u m values a m o n g the four seasons. A s discussed before, 
this m a y be caused b y hiding of fishes in crevices or emigration of fishes to deeper 
areas. If fishes were hiding, the three observed parameters on fish assemblage might 
deviate significantly from the real values and this would greatly reduce the reliability 
of the monitoring results. O n the other hand, if fishes m o v e d to deeper areas, fish 
parameters monitored in the areas m a y have no relationship with any effects of 
protection or fishing. Therefore, winter is not a suitable monitoring season for 
protection effects. In spring, large amount of recruits appeared in all sampling areas 
irrespective of their degree of protection. This bloom of recruits m a d e fish abundance 
an invalid indicator of protection effects since recruit abundance, which m a y not be 
related to any protection effects, largely dominated the total fish abundance. In 
contrast, although recruits of certain fish species such as Neopomacentrus bankieri 
and Chromis notata were detected in s u m m e r and fall, their numbers were not 
dominating the total fish abundance so that the total fish abundance could still be a 
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valid indicator of protection effects. Moreover, non-cryptic fish species were active 
in s u m m e r and fall, hence the recorded values of fish parameters should be closer to 
the real values than those recorded in winter. These t w o seasons are therefore the 
most suitable period for the monitoring of fish assemblages. 
2.7 Conclusion 
A s a conclusion, the reef fish assemblages in the eight sampling areas examined in 
this study were affected by season, habitat complexity and degree of protection. 
M e a n fish density, m e a n fish biomass, m e a n species richness of fish and fish 
assemblage structures of the eight sampling areas varied with seasons. Generally, 
lowest value of these three parameters w a s found in winter. This m a y be caused by 
hiding or migration of fishes to deeper areas during the cold winter. In spring, m e a n 
density and m e a n biomass of fish increased. Highest m e a n density and m e a n biomass 
of fishes were often recorded in either s u m m e r or fall. Regarding the fish assemblage 
structures, A N O S I M test revealed significant differences between seasons in all 
sampling areas. Winter samples were highly dissimilar from samples from the other 
seasons. S I M P E R analysis further showed that winter samples were differentiated 
from others by low density and biomass of fishes. In spring, n e w recruits of 
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Neopomacentrus bankieri, Pagrus major and Sebasticus marmoratus appeared in 
large n u m b e r and this m a r k e d the uniqueness of the spring samples. S u m m e r samples 
were differentiated from others by higher fish density and biomass. T h e regression 
analysis o n fish density revealed significant effect of habitat complexity. In contrast, 
relationships of fish biomass and species richness with habitat complexity were often 
not significant. 
Spatial comparison of fish assemblages between protected and fished areas showed 
enhancement effects of protection. M e a n fish density and m e a n fish biomass were 
significantly higher in protected areas than in fished areas starting from fall 2003 and 
s u m m e r 2003 respectively until spring 2004, the end of the sampling period. 
H o w e v e r , no enhancement effect could be detected on m e a n fish species richness. 
Generally, fish assemblage structures of protected areas were dissimilar from those 
of fished areas as s h o w n on M D S plots and dendrograms generated by species 
density and biomass data in different seasons. A N O S I M analysis detected significant 
difference between sampling areas in all sampling seasons. W h e n looking into the 
list of typical species from S I M P E R analysis, non area-specific seasonal variation in 
fish assemblages w a s observed. O n the other hand, signs of protection effects were 
found w h e n looking into the list of differentiating species between protected and 
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fished areas. S I M P E R analysis revealed higher density and biomass of fishery target 
species in protected samples were important in differentiating these samples from 
those from the fished areas in certain sampling seasons. 
S u m m e r and fall are the best sampling seasons for monitoring of protection effects in 
protected areas. It is because fish assemblages in the two seasons are not affected by 
appearance of large a m o u n t of fish recruits. Moreover, non-cryptic fish species were 
active in s u m m e r and fall that m a d e the recorded value of fish parameters closer to 
the real value. 
Information obtained in this study are essential in pointing out the importance of 
season, habitat complexity as well as protection effect in affecting the fish 
assemblages in selected areas in H o n g K o n g that were subjected to different degrees 
of fishing pressure. This is the first time that such information has been obtained in a 
systematic w a y in H o n g K o n g . These information will be useful in providing a 
reference for the design of strategy for future monitoring and m a n a g e m e n t of H o n g 
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Figure 2.1. Map of Tung Ping Chau showing locations of the four sampling 
areas indicated by red outlines. 
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Figure 2.2. Map of Hoi Ha Wan Marine Park showing locations of the two 
sampling areas in Coral Beach and Moon Island indicated by red 
outlines. 
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Figure 2.3. Map of Kat O Chau and Ngo Mei Chau showing locations of the 
two sampling areas in Cheung Shek Tsui and Wu Pai indicated by 
red outlines. 
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Figure 2.4. Seasonal trend of mean density (+SD) of reef fishes (number per 
m2) in the eight sampling areas A Ye Wan (AYW), A Ma Wan 
(AMW), Chau Mei (CM), Chau Tau (CT), Wu Pai (WP), Cheung 
Shek Tsui (CST), Coral Beach (CB) and Moon Island (MI). 
One-way ANOVA (with F value given) or Kruskal Wallis test 
(with Chi-square value given) was used to evaluate significant 
differences in mean density between seasons with df = 3 in all 
cases. Data from winter 1998 to fall 1999 in AYW and AMW were 
collected by Tam (2005). n = 9 for AMW data and data collected 
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Figure 2.5. Seasonal trend of mean biomass (+SD) of reef fishes (gram per m2) 
in the eight sampling areas. Symbols for areas as in Fig. 2.4. 
One-way ANOVA (with F value given) or Kruskal Wallis test 
(with Chi-square value given) was used to evaluate significant 
differences in mean biomass between seasons with df = 3 in all 
cases. Note different scale used for data from AYW. Data from 
winter 1998 to fall 1999 in AYW and AMW were collected by Tam 
(2005). n 二 9 for AMW data and data collected before summer 
2002. n 二 9 for other data. 
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Figure 2.6. Seasonal trend of m e a n species richness ( + S D ) of reef fishes in the 
eight sampling areas. S y m b o l s for areas as in Fig. 2.4. O n e - w a y 
A N O V A (with F value given) or Kruskal Wallis test (with 
Chi-square value given) w a s used to evaluate significant 
differences in m e a n species richness between seasons with df = 3 
in all cases. Data from winter 1998 to fall 1999 in A Y W and A M W 
were collected b y T a m (2005). n = 9 for A M W data and data 
collected before s u m m e r 2002. n = 9 for other data. 
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Figure 2.7. MDS ordination for the seasonal comparison of fish assemblage 
structures in A Ye Wan using species density data from summer 
2002 to spring 2004. Each point represents data from one transect. 
Data for the same season in different years are grouped. Samples 
from spring (enclosed) are more clearly grouped together than the 
other samples. 
Transform: Fourth root 
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Figure 2.8. Dendrogram for the seasonal comparison of fish assemblage 
structures in A Ye Wan using species density data from summer 
2002 to spring 2004. Each point represents data from one transect. 
Data for the same season in different years are grouped. Samples 
from spring (underlined) form a distinct group at a similarity level 
of 60%. 
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Figure 2.9. M D S ordination for the seasonal comparison of fish assemblage 
structures in A Y e W a n using species biomass data from fall 2002 
to spring 2004. E a c h point represents data from one transect. Data 
for the s a m e season in different years are grouped. Samples from 
spring (enclosed) are m o r e clearly grouped together than the other 
samples. 
Transform: Fourth root 
Resemblance: S17 Bray Curtis similarity 





I • Winter 
• Spring 
50-- 丨_ Summer 
6 0 - - I _ _ 二 
f
 7
。 ~ ' I M p p u 
co ~ ~~I ,—I~, � n r~n 
n ^ r n n h n r 
so-- n r~L rh 
9 0 - -
Figure 2.10. D e n d r o g r a m for the seasonal comparison of fish assemblage 
structures in A Y e W a n using species biomass data from fall 2002 
to spring 2004. Each point represents data from one transect. Data 
for the s a m e season in different years are grouped. Samples from 
spring (underlined) form a distinct group at a similarity level of 
about 60 % .
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Figure 2.11. Results of A N O S I M analysis for seasonal comparison of fish 
assemblage structures in A Y e W a n using species density data from 
s u m m e r 2 0 0 2 to spring 2004. Global R 二 0.611，p < 0.05. U p p e r 
figure represents the r value and lower one the significance level 
for the pair-wise comparison. 
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Figure 2.12. Results of A N O S I M analysis for seasonal comparison of fish 
assemblage structures in A Y e W a n using species biomass data 
from fall 2 0 0 2 to spring 2004. Global R = 0.609，p < 0.05. U p p e r 
figure represents the r value and lower one the significance level 
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Figure 2.15. MDS ordination for the seasonal comparison of fish assemblage 
structures in A Ma Wan using species density data from summer 
2002 to spring 2004. Each point represents data from one transect. 
Data for the same season in different years are grouped. Samples 
from summer, fall and spring are mixed into one group (enclosed). 
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Figure 2.16. Dendrogram for the seasonal comparison of fish assemblage 
structures in A Ma Wan using species density data from summer 
2002 to spring 2004. Each point represents data from one transect. 
Data for the same season in different years are grouped. Samples 
from winter (underlined) separate from those of other seasons at a 
similarity level of <50 %. 
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Figure 2.17. MDS ordination for the seasonal comparison of fish assemblage 
structures in A Ma Wan using species biomass data from fall 2002 
to spring 2004. Each point represents data from one transect. Data 
for the same season in different years are grouped. Samples from 
summer, fall and spring are mixed into one group (enclosed). 
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Figure 2.18. Dendrogram for the seasonal comparison of fish assemblage 
structures in A Ma Wan using species biomass data from fall 2002 
to spring 2004. Each point represents data from one transect. Data 
for the same season in different years are grouped. Samples from 
winter (underlined) separate from those of other seasons at a 
similarity level of <50 %. 
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Figure 2.19. Results of ANOSIM analysis for seasonal comparison of fish 
assemblage structures in A Ma Wan using species density data 
from summer 2002 to spring 2004. Global R - 0.340, p < 0.05. 
Upper figure represents the r value and lower one the significance 
level for the pair-wise comparison. 
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Figure 2.20. Results of ANOSIM analysis for seasonal comparison of fish 
assemblage structures in A Ma Wan using species biomass data 
from fall 2002 to spring 2004. Global R = 0.352, p < 0.05. Upper 
figure represents the r value and lower one the significance level 
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Figure 2.23. M D S ordination for the seasonal comparison of fish assemblage 
structures in C h a u M e i using species density data from s u m m e r 
2 0 0 2 to spring 2004. E a c h point represents data from one transect. 
Data for the s a m e season in different years are grouped. Samples 
from winter (enclosed) are dissimilar from those samples of other 
seasons. 
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Figure 2.24. D e n d r o g r a m for the seasonal comparison of fish assemblage 
structures in C h a u M e i using species density data from s u m m e r 
2002 to spring 2004. Each point represents data from one transect. 
Data for the s a m e season in different years are grouped. M o s t 
samples from winter (underlined) separate from those of other 
seasons at a similarity level of 35 % . ]
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Figure 2.25. M D S ordination for the seasonal comparison of fish assemblage 
structures in C h a u M e i using species biomass data from fall 2002 
to spring 2004. Each point represents data from one transect. Data 
for the s a m e season in different years are grouped. Samples from 
winter (enclosed) separate from those samples of other seasons. 
Transform: Fourth r o o t ~ 
Resemblance: S17 Bray Curtis similaritv 
0 丁 r-^  
Season 
• Fall 
1 0 — • W in te r 
• Spr ing 
• Summer 
2 0 - - m 
I 
30 — 
40 — H - 1———| 
I so-- 1 r S 
•i n ~ L r h 
60- 1, r ^ r h r 
7 0 - - n 
8 0 - -
9 0 -
100 丄• • • • • • • • • • • • • • • • • • • • • • • • • 
Figure 2.26. Dendrogram for the seasonal comparison of fish assemblage 
structures in C h a u M e i using species biomass data from fall 
2002 to spring 2004. Each point represents data from one 
transect. Data for the same season in different years are 
grouped. Samples mainly from winter (underlined) separate 
from those of other seasons at a similarity level of 35 % . 
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Figure 2.27. Results of ANOSIM analysis for seasonal comparison of fish 
assemblage structures in Chau Mei using species density data from 
summer 2002 to spring 2004. Global R = 0.472，p < 0.05. Upper 
figure represents the r value and lower one the significance level 
for the pair-wise comparison. 
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Figure 2.28. Results of ANOSIM analysis for seasonal comparison of fish 
assemblage structures in Chau Mei using species biomass data 
from fall 2002 to spring 2004. Global R = 0.472，p < 0.05. Upper 
figure represents the r value and lower one the significance level 
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Figure 2.31. M D S ordination for the seasonal comparison of fish assemblage 
structures in C h a u Tau using species density data from s u m m e r 
2002 to spring 2004. Each point represents data from one transect. 
Data for the s a m e season in different years are grouped. Samples 
from winter are m o r e scattered on the left hand side of the plot. 
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Figure 2.32. D e n d r o g r a m for the seasonal comparison of fish assemblage 
structures in C h a u Tau using species density data from s u m m e r 
2002 to spring 2004. Each point represents data from one transect. 
Data for the s a m e season in different years are grouped. Samples 
from winter separate from those of other seasons at a similarity 
level of about 45 % • Samples mainly from s u m m e r and spring 
(underlined) form two distinct groups at a similarity level of about 
55 % . 
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Figure 2.33. M D S ordination for the seasonal comparison of fish assemblage 
structures in C h a u Tau using species biomass data from fall 2002 
to spring 2004. Each point represents data from one transect. Data 
for the s a m e season in different years are grouped. Samples from 
winter are m o r e scattered on the right hand side of the plot. 
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Figure 2.34. D e n d r o g r a m for the seasonal comparison of fish assemblage 
structures in C h a u Tau using species biomass data from fall 2002 
to spring 2004. Each point represents data from one transect. Data 
for the s a m e season in different years are grouped. Samples mainly 
from fall and spring (underlined) form two separate groups at 
similarity levels of about 40 % and 50 % respectively. 
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Figure 2.35. Results of A N O S I M analysis for seasonal comparison of fish 
assemblage structures in C h a u Tau using species density data from 
s u m m e r 2 0 0 2 to spring 2004. Global R = 0.435, p < 0.05. U p p e r 
figure represents the r value and lower one the significance level 
for the pair-wise comparison. 
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Figure 2.36. Results of A N O S I M analysis for seasonal comparison of fish 
assemblage structures in C h a u Tau using species biomass data 
from fall 2002 to spring 2004. Global R - 0.384, p < 0.05. U p p e r 
figure represents the r value and lower one the significance level 
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Figure 2.39. M D S ordination for the seasonal comparison of fish assemblage 
structures in W u Pai using species density data from spring 2003 to 
spring 2004. E a c h point represents data from one transect. Data for 
the s a m e season in different years are grouped. Samples from 
winter (enclosed) separate clearly from those of other seasons o n 
the left hand side of the plot. 
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Figure 2.40. D e n d r o g r a m for the seasonal comparison of fish assemblage 
structures in W u Pai using species density data from spring 2003 to 
spring 2004. Each point represents data from one transect. Data for 
the s a m e season in different years are grouped. T w o groups of 
samples (underlined) are observed where samples from winter 
separate from those of other seasons at a similarity level of about 
20 % . 
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Figure 2.41. M D S ordination for the seasonal comparison of fish assemblage 
structures in W u Pai using species biomass data from spring 2003 
to spring 2004. Each point represents data from one transect. Data 
for the s a m e season in different years are grouped. Samples from 
winter (enclosed) separate clearly from those of other seasons o n 
the left hand side of the plot. 
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Figure 2.42. D e n d r o g r a m for the seasonal comparison of fish assemblage 
structures in C h a u Tau using species biomass data from spring 
2003 to spring 2004. Each point represents data from one transect. 
Data for the s a m e season in different years are grouped. T w o 
groups of samples (underlined) are observed where samples from 
winter separate from those of other seasons at a similarity level of 
about 1 0 % . 116 
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Figure 2.43. Results of A N O S I M analysis for seasonal comparison of fish 
assemblage structures in W u Pai using species density data from 
spring 2003 to spring 2004. Global R = 0.729, p < 0.05. U p p e r 
figure represents the r value and lower one the significance level 
for the pair-wise comparison. 
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Figure 2.44. Results of A N O S I M analysis for seasonal comparison of fish 
assemblage structures in W u Pai using species biomass data from 
spring 2003 to spring 2004. Global R - 0.650, p < 0.05. U p p e r 
figure represents the r value and lower one the significance level 
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Figure 2.47. M D S ordination for the seasonal comparison of fish assemblage 
structures in C h e u n g C h e k Tsui using species density data from 
spring 2003 to spring 2004. Each point represents data from one 
transect. Data for the s a m e season in different years are grouped. 
Samples from winter scatter widely o n the plot but samples from 
the other seasons all clustered together. 
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Figure 2.48. D e n d r o g r a m for the seasonal comparison of fish assemblage 
structures in C h e u n g Shek Tsui using species density data from 
spring 2003 to spring 2004. Each point represents data from one 
transect. Data for the s a m e season in different years are grouped. 
Samples from winter separate from those of the other seasons at a 
similarity level of about 1 5 % . T w o groups of samples (underlined) 
are observed at a similarity level of 55 % . O n e group is c o m p o s e d 
of samples from s u m m e r and fall while the other group is 
c o m p o s e d of samples from spring.
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Figure 2.49. M D S ordination for the seasonal comparison of fish assemblage 
structures in C h e u n g C h e k Tsui using species biomass data from 
spring 2003 to spring 2004. Each point represents data from one 
transect. Data for the s a m e season in different years are grouped. 
Samples from winter scatter widely on the plot but samples from 
the other seasons all clustered together. 
Transform: Fourth root 
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Figure 2.50. Dendrogram for the seasonal comparison of fish assemblage structures 
in C h e u n g Shek Tsui using species density data from spring 2003 to 
spring 2004. Each point represents data from one transect. Data for the 
s a m e season in different years are grouped. Samples from winter 
separate from those of the other seasons at a similarity level of about 
15 % . T w o groups of samples (underlined) are observed at a similarity 
level of about 55 % . O n e group is composed of samples from s u m m e r 
and fall while the other group is composed of samples from spring. 
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Figure 2.51. Results of A N O S I M analysis for seasonal comparison of fish 
assemblage structures in C h e u n g S h e k Tsui using species density 
data from spring 2 0 0 3 to spring 2004. Global R = 0.654，p < 0.05. 
U p p e r figure represents the r value and lower one the significance 
level for the pair-wise comparison. 
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Figure 2.52. Results of A N O S I M analysis for seasonal comparison of fish 
assemblage structures in C h e u n g S h e k Tsui using species biomass 
data from spring 2003 to spring 2004. Global R = 0.654, p < 0.05. 
U p p e r figure represents the r value and lower one the significance 
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Figure 2.55. M D S ordination for the seasonal comparison of fish assemblage 
structures in Coral B e a c h using species density data from s u m m e r 
2003 to spring 2004. E a c h point represents data from one transect. 
Samples from s u m m e r and fall (enclosed) are m o r e widely 
scattered o n the plot. 
Transform: Fourth root 
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Figure 2.56. D e n d r o g r a m for the seasonal comparison of fish assemblage 
structures in Coral B e a c h using species density data from s u m m e r 
2003 to spring 2004. Each point represents data from one transect. 
Samples from s u m m e r , spring and winter (underlined) form three 
distinct groups at similarity levels from 55 % to 65 % ， w i t h fall 
samples being m i x e d into their groups. 
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Figure 2.57. M D S ordination for the seasonal comparison of fish assemblage 
structures in Coral B e a c h using species biomass data from s u m m e r 
2003 to spring 2004. E a c h point represents data from one transect. 
Samples from s u m m e r and fall (enclosed) are m o r e widely 
scattered o n the plot. 
Transform: Fourth root 
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Season 
• Fall 
1 0 - - • Winter 
• Spring 
• Summer 
2 0 - -
30 — 
4 0 - -
1 50--
E 
(d ( - 1 — 






100 丄 • • • • • • • • • • • • 
Figure 2.58. D e n d r o g r a m for the seasonal comparison of fish assemblage 
structures in Coral Beach using species biomass data from s u m m e r 
2003 to spring 2004. Each point represents data from one transect. 
Samples from spring (underlined) form a distinct group at a 
similarity level of about 65 % . 
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Figure 2.59. Results of A N O S I M analysis for seasonal comparison of fish 
assemblage structures in Coral B e a c h using species density 
data from s u m m e r 2 0 0 3 to spring 2004. Global R = 0.703，p < 
0.05. U p p e r figure represents the r value and lower one the 
significance level for the pair-wise comparison. 
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Figure 2.60. Results of A N O S I M analysis for seasonal comparison of fish 
assemblage structures in Coral B e a c h using species biomass 
data from s u m m e r 2003 to spring 2004. Global R = 0.526, p < 
0.05. U p p e r figure represents the r value and lower one the 
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Figure 2.63. M D S ordination for the seasonal comparison of fish assemblage 
structures in M o o n Island using species density data from s u m m e r 
2003 to spring 2004. E a c h point represents data from one transect. 
Samples from the s a m e season (enclosed) tend to be closer 
together. 
Transform: Fourth root 
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Figure 2.64. Dendrogram for the seasonal comparison of fish assemblage 
structures in M o o n Island using species density data from s u m m e r 
2003 to spring 2004. Each point represents data from one transect. 
Samples from s u m m e r (underlined) form a distinctive group at a 
similarity level of about 55 % . 
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Figure 2.65. M D S ordination for the seasonal comparison of fish assemblage 
structures in M o o n Island using species biomass data from s u m m e r 
2003 to spring 2004. Each point represents data from one transect. 
Samples from s u m m e r , spring and winter (enclosed) form three 
m a i n groups. 
Transform: Fourth root 
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Figure 2.66. Dendrogram for the seasonal comparison of fish assemblage 
structures in M o o n Island using species biomass data from s u m m e r 
2003 to spring 2004. Each point represents data from one transect. 
N o clear grouping pattern of samples is observed. 
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Figure 2.67. Results of A N O S I M analysis for seasonal comparison of fish 
assemblage structures in M o o n Island using species density data 
from s u m m e r 2003 to spring 2004. Global R = 0.526, p < 0.05. 
U p p e r figure represents the r value and lower one the significance 
level for the pair-wise comparison. 
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Figure 2.68. Results of A N O S I M analysis for seasonal comparison of fish 
assemblage structures in M o o n Island using species biomass data 
from s u m m e r 2003 to spring 2004. Global R = 0.525, p < 0.05. 
U p p e r figure represents the r value and lower one the significance 
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Figure 2.74. Mean habitat complexity (+ SD) of the eight sampling areas. 
Symbols for sampling areas as in Fig. 2.4. A significant difference 
in habitat complexity was detected between areas (Kruskal-Wallis 
test, Chi-square = 17.725, p = 0.013, df = 7). Areas denoted by 
same letter indicate non-significant difference in habitat 
complexity between areas (Mann-Whitney U test, p < 0.05). 
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Figure 2.75. Relationship between fish density and habitat complexity in each 
sampling season. Fish density log (n + 1) transformed. Data from 
all sampling areas combined. Only regression lines for significant 
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Figure 2.76. Relationship between species richness of fish and habitat 
complexity in each sampling season. Species richness was log (n + 
1) transformed before the regression analysis. Data from all 
sampling areas combined. Only regression lines for significant 
relation (ANOVA, p < 0.05) shown. 
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Figure 2.77. Relationship between fish biomass and habitat complexity in each 
sampling season. Fish biomass was log ( n + 1 ) transformed before 
the regression analysis. Data from all sampling areas combined. 
Only regression lines for significant relation (ANOVA, p < 0.05) 
shown. 
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Figure 2.78. MDS ordination for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
density data in summer 2002. Fished areas included Chau Tau (CT) 
and Chau Mei (CM) and protected areas included A Ye Wan (AYW) 
and A Ma Wan (AMW). Samples from fished and protected areas 
separate on two sides of the plot. Samples from the same area tend 
to group together. 
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Figure 2.79. Dendrogram for the spatial comparison of fish assemblage structures 
between fished (F) and protected (P) areas using species density data 
in summer 2002. Samples from protected areas form a distinct group at 
a similarity level of 50 %. Symbols for areas as in Figure 2.78. 142 
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Figure 2.80. Results of ANOSIM analysis for spatial comparison of fish 
assemblage structures using species density data in summer 2002. 
Global R 二 0.698，p < 0.05. Upper figure represents the r value and 
lower one the significance level for the pair-wise comparison. 
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Figure 2.82. M D S ordination for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
density data in fall 2002. Symbols for areas as in Figure 2.78. 
Samples from protected areas form a m o r e distinct group 
(enclosed). 
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Figure 2.83. D e n d r o g r a m for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
density data in fall 2002. Samples from protected areas form a 
distinct group at a similarity level of 50 % . Symbols for areas as^^ 
Figure 2.78. 
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Figure 2.84. MDS ordination for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
biomass data in fall 2002. Symbols for areas as in Figure 2.78. 
Samples from AMW and AYW form two distinct groups 
(enclosed). 
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Figure 2.85. Dendrogram for the spatial comparison of fish assemblage structures 
between fished (F) and protected (P) areas using species biomass 
data in fall 2002. Samples from protected areas form a distinct group 
at a similarity level of 50 %. Symbols for areas as in Figure 2.78. 
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Figure 2.86. Results of ANOSIM analysis for spatial comparison of fish 
assemblage structures using species density data in fall 2002. 
Global R = 0.717，p < 0.05. Upper figure represents the r value and 
lower one the significance level for the pair-wise comparison. 
Symbols for areas as in Figure 2.78. 
AMW CM CT 
0.675 0.496 1.000 
AYW 







Figure 2.87. Results of ANOSIM analysis for spatial comparison of fish 
assemblage structures using species biomass data in fall 2002. 
Global R = 0.720, p < 0.05. Upper figure represents the r value and 
lower one the significance level for the pair-wise comparison. 
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Figure 2.90. M D S ordination for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
density data in winter 2003. Symbols for areas as in Figure 2.78. 
Four groups of samples (enclosed) are formed according to areas. 
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Figure 2.91. Dendrogram for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
density data in winter 2003. Samples from protected areas 
(underlined) separate from samples from fished areas at a 
similarity level of about 40 % . Symbols for areas as in Figure 2.7!8々  
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Figure 2.92. M D S ordination for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
biomass data in winter 2003. Symbols for areas as in Figure 2.78. 
Four groups of samples (enclosed) are formed according to areas. 
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Figure 2.93. Dendrogram for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
biomass data in winter 2003. Samples from protected areas 
(underlined) separate from samples from fished areas at a 
similarity level of about 40 % • Symbols for areas as in Figure 2.78. 
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Figure 2.94. Results of A N O S I M analysis for spatial comparison of fish 
assemblage structures using species density data in winter 2003. 
Global R = 0.725, p < 0.05. U p p e r figure represents the r value and 
lower one the significance level for the pair-wise comparison. 
S y m b o l s for areas as in Figure 2.78. 
AMW CM CT 
0.443 0.748 1.000 
AYW 







Figure 2.95. Results of A N O S I M analysis for spatial comparison of fish 
assemblage structures using species biomass data in winter 2003. 
Global R = 0.709, p < 0.05. U p p e r figure represents the r value and 
lower one the significance level for the pair-wise comparison. 
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Figure 2.98. M D S ordination for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
density data in spring 2003. W P = W u Pai, C S T = C h e u n g Shek 
Tsui. Other symbols for areas as in Figure 2.78. 
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Figure 2.99. Dendrogram for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
density data in spring 2003. Symbols for areas as in Figure 2.98. 
Samples from protected areas (underlined) separate from samples 
from fished areas except C S T at a similarity level of about 60 % . 
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Figure 2.100. M D S ordination for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
biomass data in spring 2003. Symbols for areas as in Figure 2.98. 
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Figure 2.101. Dendrogram for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
biomass data in spring 2003. Symbols for areas as in Figure 2.98. 
Samples from protected areas (underlined) separate from samples 
from fished areas except C M at a similarity level of about 60 % . 157 
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Figure 2.102. Results of A N O S I M analysis for spatial comparison of fish 
assemblage structures using species density data in spring 2003. 
Global R = 0.675, p < 0.05. U p p e r figure represents the r value and 
lower one the significance level for the pair-wise comparison. 
S y m b o l s for areas as in Figure 2.98. 
A M W C M C T W P C S T 
0.352 0.436 0.784 0.555 0.707 
A Y W 
0.004 0.008 0.008 0.002 0.002 
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Figure 2.103. Results of A N O S I M analysis for spatial comparison of fish 
assemblage structures using species biomass data in spring 2003. 
Global R = 0.617，p < 0.05. U p p e r figure represents the r value and 
lower one the significance level for the pair-wise comparison. 





































































































































































































































































































































































































































































A M W CM CT W P CST 
Abudefduf Siganus *Upeneus *UpeneusSiganus 
bengalensis canaliculatus vittatus vittatus canaliculatus 
*Abudefduf Abudefduf Abudefduf *Abudefduf 
A Y W vaigiensis vaigiensis bengalensis vaigiensis 
*Upeneus *Cephalopholis *Cephalopholis *Upeneus 
——v'ttatus boenak boenak vittatus 
*Abudefduf 
vaigiensis 
Abudefduf *Upeneus *Upeneus Abudefduf 
vaigiensis vittatus vittatus bengalensis 
A M W *Cephalopholis *Abudefduf *Cephalopholis 
boenak bengalensis boenak 
*Cephalopholis Gerres 
boenak macrosoma 
*Siganus *Siganus *Siganus 
canaliculatus canaliculatus canaliculatus 
CM *Upeneus *Upeneus Cephalopholis 
vittatus vittatus boenak 
*Abudefduf *Abudefduf *Abudefduf 















Figure 2.104. Results o f S I M P E R analysis c o m p a r i n g fish assemblages b e t w e e n 
fished a n d protected areas using species density data in spring 2 0 0 3 . 
A . Fish species that contributed m o s t to similarities within areas (in 
order o f percentage contribution indicated in ( ) ) . B . Fish species that 
contributed m o s t to dissimilarities b e t w e e n areas (in order o f 
percentage contribution). Asterisk denotes higher density o f fish in the 
area indicated o n the left h a n d side. S y m b o l s for areas as in Figure 
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tra9ula macrosoma vittatus vittatus canaliculatus 
*Abudefduf *Cephalopholis *Cephalopholis 
vaigiensis boenak boenak 
Abudefduf Upeneus 
vaigiensis tragula 
*Monacanthus *Cephalopholis *Monacanthus *Monacanthus 
chinensis boenak chinensis chinensis 
Girella *Abudefduf *Cephalopholis Girella 
A M W melanichthys bengalensis boenak melanichthys 
*Cephalopholis Upeneus *Abudefduf 
boenak tragula bengalensis 
Abudefduf *Upeneus 
bengalensis vittatus 
•Abudefduf Abudefduf Girella 
bengalensis bengalensis melanichthys 
*Gerres *Abudefduf Abudefduf 

















Figure 2.105. Results o f S I M P E R analysis c o m p a r i n g fish assemblages b e t w e e n 
fished a n d protected areas using species b i o m a s s data in spring 2 0 0 3 . 
A . Fish species that contributed m o s t to similarities within areas (in 
order o f percentage contribution indicated in ( ) ) . B . Fish species that 
contributed m o s t to dissimilarities b e t w e e n areas (in order o f 
percentage contribution). Asterisk denotes higher b i o m a s s o f fish in 
the area indicated o n the left h a n d side. S y m b o l s for areas as in Figure 
2.98. N a m e o f fishery target species in bold. 
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Figure 2.106. M D S ordination for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
density data in s u m m e r 2003. C B = Coral Beach, M I = M o o n 
Island. Other symbols for areas as in Figure 2.98. Samples from 
A Y W and A M W overlap with those from C M and M I (enclosed). 
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Figure 2.107. Dendrogram for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
density data in s u m m e r 2003. Symbols for areas as in Figure 2.106. 
Samples from A Y W and A M W (underlined) form two distinct 
groups at a similarity level of 65 % . 
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Figure 2.108. MDS ordination for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
biomass data in summer 2003. Symbols for areas as in Figure 
2.106. Samples of AYW and AMW overlap with those from CM 
(enclosed). 
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Figure 2.109. Dendrogram for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
biomass data in summer 2003. Symbols for areas as in Figure 
2.106. At a similarity level of 50 %, AYW samples form a distinct 
group (underlined) while AMW samples mix with CM samples in 
another group (underlined). 164 
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Figure 2.110. Results of ANOSIM analysis for spatial comparison of fish 
assemblage structures using species density data in summer 2003. 
Global R = 0.767, p < 0.05. Upper figure represents the r value and 
lower one the significance level for the pair-wise comparison. 
Symbols for areas as in Figure 2.106. 
AMW CM CT WP CST CB MI 
A Y W 0.980 0.804 0.832 0.928 0.864 0.824 0.836 
0.002 0.008 0.008 0.008 0.008 0.008 0.008 
AMW 0.599 0.835 0.984 0.950 0.918 0.917 
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0.008 0.008 0.008 0.008 0.008 
C T 0.772 0.716 0.836 0.632 
0.008 0.008 0.008 0.008 
w p 0.344 0.396 0.232 
0.024 0.016 0.087 




Figure 2.111. Results of ANOSIM analysis for spatial comparison of fish 
assemblage structures using species biomass data in summer 2003. 
Global R 二 0.695, p < 0.05. Upper figure represents the r value and 
lower one the significance level for the pair-wise comparison. 
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Figure 2.112. Results of SIMPER analysis comparing fish assemblages between fished and protected 
areas using species density data in summer 2003. A. Fish species that contributed most 
to similarities within areas (in order of percentage contribution indicated in ( )). B. Fish 
species that contributed most to dissimilarities between areas (in order of percentage 
contribution). Asterisk denotes higher density of fish in the area indicated on the left 
hand side. Symbols for areas as in Figure 2.106. Name of fishery target species in bold. 
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A M W Cheilinus *Siganus *Siganus *Cheilinus *Upeneus 
__chlorourus canaliculatus canaliculatus chlorourus vittatus 
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*Cheilinus *Siganus *Upeneus *Lutjanus *Upeneus 
chlorourus canaliculatus vittatus russellii vittatus 
*Abudefduf Abudefduf *Gerres *Siganus *Cephalopholis 
C M bengalensis bengalensis macrosoma canaliculatus boenak 
*Gerres *Cephalopholis Cephaiopholis Abudefduf *Lutjanus 
macrosoma boenak boenak bengalensis russellii 
*Cephalophol_s *Upeneus Epinephelus *Monacanthus *Abudefduf 
boenak vittatus quoyanus chinensis bengalensis 
Abudefduf Abudefduf Abudefduf Gerres 
bengalensis bengalensis bengalensis macrosoma 
CT Gerres Cephaiopholis Cephaiopholis Abudefduf 
macrosoma boenak boenak bengalensis 
•Cephaiopholis Gerres Gerres Siganus 
boenak macrosoma macrosoma canaliculatus 
•Epinephelus Cephaiopholis *Abudefduf 
quoyanus boenak bengalensis 
Cephaiopholis Selaroides *Epinephelus 
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Figure 2.113 Results of SIMPER analysis comparing fish assemblages between 
fished and protected areas using species biomass data in summer 
2003. A. Fish species that contributed most to similarities within 
areas (in order of percentage contribution indicated in ( ))• B. Fish 
species that contributed most to dissimilarities between areas (in 
order of percentage contribution). Asterisk denotes higher biomass 
of fish in the area indicated on the left hand side. Symbols for areas 
as in Figure 2.106. Name of fishery target species in bold. N/A 
indicates that it is not possible to pick up differentiating species 
between areas. t 
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Figure 2.114. MDS ordination for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
density data in fall 2003. Symbols for areas as in Figure 2.106. Two 
groups (underlined) are formed. One by samples from AMW and the 
other one by samples from AYW, CB and MI. 
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Figure 2.115. Dendrogram for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
density data in fall 2003. Symbols for areas as in Figure 2.106. 
Samples from CM, CT, AMW and CST form distinctly separated 
groups (underlined) at a similarity level of about 55 %. 口0 
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Figure 2.116. MDS ordination for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
biomass data in fall 2003. Symbols for areas as in Figure 2.106. 
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Figure 2.117. Dendrogram for the spatial comparison of fish assemblage structures 
between fished (F) and protected (P) areas using species biomass data 
in fall 2003. Symbols for areas as in Figure 2.106. At a similarity 
level of about 45 %, samples from AMW, CT, CM and WP form 
distinctly separate groups (underlined). Another large group is formed 
by samples from other areas (underlined). 
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Figure 2.118. Results of ANOSIM analysis for spatial comparison of fish 
assemblage structures using species density data in fall 2003. Global 
R = 0.776，p < 0.05. Upper figure represents the r value and lower one 
the significance level for the pair-wise comparison. Symbols for areas 
as in Figure 2.106. 
AMW CM CT WP CST CB MI 
A Y \ v 0 . 6 7 9 0 . 7 1 2 0 . 9 8 8 ° - 7 9 2 0.620 0.688 0.656 
0.001 0.008 0.008 0.008 0.008 0.008 0.008 
A M W 0.741 0.687 0.965 0.660 0.848 0.787 
0.002 0.001 0.002 0.001 0.002 0.001 
C M 0.769 0.832 0.936 0.928 0.636 
0.008 0.008 0.008 0.008 0.008 
C T 0.925 0.919 0.994 0.556 
0.008 0.008 0.008 0.008 
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Figure 2.119. Results of ANOSIM analysis for spatial comparison of fish 
assemblage structures using species biomass data in fall 2003. Global 
R = 0.725, p < 0.05. Upper figure represents the r value and lower one 
the significance level for the pair-wise comparison. Symbols for areas 
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Figure 2.120. Results o f S I M P E R analysis c o m p a r i n g fish assemblages b e t w e e n 
fished a n d protected areas using species density data in fall 2 0 0 3 . A . 
Fish species that contributed m o s t to similarities within areas (in order 
o f percentage contribution indicated in ( )). B . Fish species that 
contributed m o s t to dissimilarities b e t w e e n areas (in order o f 
percentage contribution). Asterisk denotes higher density o f fish in the 
area indicated o n the left h a n d side. S y m b o l s for areas as in Figure 
2.106. N a m e o f fishery target species in bold. N / A indicates that it is 
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Figure 2.121. Results o f S I M P E R analysis c o m p a r i n g fish a s s e m b l a g e s b e t w e e n 
fished a n d protected areas using species b i o m a s s data in fall 2 0 0 3 . A . 
Fish species that contributed m o s t to similarities within areas (in order 
o f percentage contribution indicated in ( ) ) . B . Fish species that 
contributed m o s t to dissimilarities b e t w e e n areas (in order o f 
percentage contribution). Asterisk denotes higher b i o m a s s o f fish in 
the area indicated o n the left h a n d side. S y m b o l s for areas as in Figure 
2.106. N a m e o f fishery target species in bold. 
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Figure 2.122. M D S ordination for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
density data in winter 2004. Symbols for areas as in Figure 2.106. A t 
the center is a heterogeneous m i x of samples from A Y W , A M W , C B , 
M I and C M (enclosed). 
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Figure 2.123. D e n d r o g r a m for the spatial comparison of fish assemblage structures 
between fished (F) and protected (P) areas using species density data 
in winter 2004. Symbols for areas as in Figure 2.106. 
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Figure 2.124. M D S ordination for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
biomass data in winter 2004. Symbols for areas as in Figure 2.106. A t 
the center is a heterogeneous m i x of samples from A Y W , A M W , C B , 
M I and C M (enclosed). 
Transform: Four th root 
• | r已semblance: S17 Bray Curt is similarity 
Degree of Protection 
• P 
1
。-- I ' . ~ \WF 
2 0 - -
30 - - 丄 p = i _ r~ 
40-- I - r = ~ 丄 丄 r ~ i 
>1 
1 50-- n M 
E n rh U) J-. I rh J-. 
6 0 — ,-L r n X 
I r z L I N 
70-- 丄门 丄 
8 0 - -
90--
Figure 2.125. D e n d r o g r a m for the spatial comparison of fish assemblage structures 
between fished (F) and protected (P) areas using species biomass data 
in winter 2004. Symbols for areas as in Figure 2.106. 
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Figure 2.126. Results of A N O S I M analysis for spatial comparison of fish 
assemblage structures using species density data in winter 2004. 
Global R = 0.508, p < 0.05. U p p e r figure represents the r value and 
lower one the significance level for the pair-wise comparison. 
S y m b o l s for areas as in Figure 2.106. 
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Figure 2.127. Results of A N O S I M analysis for spatial comparison of fish 
assemblage structures using species biomass data in winter 2004. 
Global R = 0.507, p < 0.05. U p p e r figure represents the r value and 
lower one the significance level for the pair-wise comparison. 
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Figure 2.128 Results of S I M P E R analysis comparing fish assemblages between 
fished and protected areas using species density data in winter 2004. 
A . Fish species that contributed m o s t to similarities within areas (in 
order of percentage contribution indicated in ( )). B. Fish species that 
contributed most to dissimilarities between areas (in order of 
percentage contribution). Asterisk denotes higher density offish in the 
area indicated o n the left hand side. Symbols for areas as in Figure 
2.106. N a m e of fishery target species in bold. N / A indicates that it is 
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Figure 2.129 Results o f S I M P E R analysis c o m p a r i n g fish a s s e m b l a g e s b e t w e e n 
fished a n d protected areas using species b i o m a s s data in winter 2 0 0 4 . 
A . Fish species that contributed m o s t to similarities within areas (in 
order o f percentage contribution indicated in ())• B . Fish species that 
contributed m o s t to dissimilarities b e t w e e n areas (in order o f 
percentage contribution). Asterisk denotes higher b i o m a s s o f fish in 
the area indicated o n the left h a n d side. S y m b o l s for areas as in Figure 
2.106. N a m e o f fishery target species in bold. N / A indicates that it is 
not possible to pick u p differentiating species b e t w e e n areas. 
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Figure 2.130. M D S ordination for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
density data in spring 2004. Symbols for areas as in Figure 2.106. 
Samples from A M W , C T and W P (enclosed) are m o r e clearly grouped 
together than other samples. 
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Figure 2.131. D e n d r o g r a m for the spatial comparison of fish assemblage structures 
between fished (F) and protected (P) areas using species density data 
in spring 2004. Symbols for areas as in Figure 2.106. A t a similarity 
level of 60 % , samples from A M W and C T form two distinct groups 
(underlined), while samples from W P m i x with samples from M I to 
form another group (underlined). ^ 
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Figure 2.132. M D S ordination for the spatial comparison of fish assemblage 
structures between fished (F) and protected (P) areas using species 
density data in spring 2004. Symbols for areas as in Figure 2.106. 
Samples from A M W and W P (enclosed) are m o r e clearly grouped 
together than other samples. 
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Figure 2.133. D e n d r o g r a m for the spatial comparison of fish assemblage structures between 
fished (F) and protected (P) areas using species density data in spring 2004. 
Symbols for areas as in Figure 2.106. A t a similarity level of about 50 % , 
samples from A M W and C T form two distinct groups (underlined). 
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Figure 2.134. Results of A N O S I M analysis for spatial comparison of fish 
assemblage structures using species density data in spring 2004. 
Global R = 0.756, p < 0.05. U p p e r figure represents the r value and 
lower one the significance level for the pair-wise comparison. 
S y m b o l s for areas as in Figure 2.106. 
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Figure 2.135. Results of A N O S I M analysis for spatial comparison of fish 
assemblage structures using species biomass data in spring 2004. 
Global R = 0.708, p < 0.05. U p p e r figure represents the r value and 
lower one the significance level for the pair-wise comparison. 
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Figure 2.136. Results o f S I M P E R analysis c o m p a r i n g fish assemblages b e t w e e n 
fished a n d protected areas using species density data in spring 2 0 0 4 . 
A . Fish species that contributed m o s t to similarities within areas (in 
order o f percentage contribution indicated in ()). B. Fish species that 
contributed m o s t to dissimilarities b e t w e e n areas (in order o f 
percentage contribution). Asterisk denotes higher density o f fish in the 
area indicated o n the left h a n d side. S y m b o l s for areas as in Figure 
2.106. N a m e o f fishery target species in bold. N / A indicates that it is 
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Figure 2.137. Results o f S I M P E R analysis c o m p a r i n g fish assemblages 
b e t w e e n fished a n d protected areas using species b i o m a s s data in 
spring 2 0 0 4 . A . Fish species that contributed m o s t to similarities 
within areas (in order o f percentage contribution indicated in ())• 
B . Fish species that contributed m o s t to dissimilarities b e t w e e n 
areas (in order o f percentage contribution). Asterisk denotes 
higher b i o m a s s o f fish in the area indicated o n the left h a n d side. 
S y m b o l s for areas as in Figure 2.106. N a m e o f fishery target 
species in bold. N / A indicates that it is not possible to pick u p 
differentiating species b e t w e e n areas. 190 
Chapter 3 Temporal comparison of reef fish assemblages before 
and after protection in Tung Ping Chau Marine Park 
3.1 Introduction 
In the previous chapter, spatial comparison between fished and protected areas has 
been conducted to reveal any effects of protection on reef fish assemblages. H o w e v e r , 
as criticized by Russ (2002), spatial comparison cannot w o r k alone to demonstrate 
protection effects as one can never be sure if differences in fish assemblages between 
fished and protected areas were due to variation in the degree of protection or to 
differences in the environmental conditions of these areas. A s a complement, 
temporal comparison of protected areas before and after their protection should be 
carried out at the s a m e time to consolidate any conclusion about the existence of 
protection effects. Very often, however, pre-protection information of an area is very 
limited so it is not always possible to carry out this type of before and after 
protection comparison. Such is not the case in T u n g Ping C h a u Marine Park as 
pre-protection information about its fish assemblages is available. Therefore, in this 
research, information on the fish assemblages in the two protected areas, A M a W a n 
and A Y e W a n within T u n g Ping C h a u Marine Park were collected starting in 2002, 
191 
less than one year after its designation as a marine park in N o v e m b e r 2001, and 
compared with data collected before the marine park designation in 1998-1999 in 
order to assess the effect of protection on changes in the fish assemblages of these 
two areas. 
3.2 Study areas 
Within T u n g Ping C h a u Marine Park, A M a W a n ( A M W ) and A Y e W a n ( A Y W ) are 
designated as core areas due to their high covers of hard corals. A n y methods of 
fishing are banned within these core areas so that fish assemblages inside them 
should receive higher level of protection w h e n compared to other areas. Before their 
protection, T a m (2005) had monitored the reef fish assemblages within these areas 
from January 1998 to D e c e m b e r 1999 by underwater visual census. In the present 
study, fish assemblages in these two areas were monitored from 2002-2004.. 
3.3 Methodology 
In his study, T a m (2005) surveyed reef fish assemblages in A M W and A Y W 
bimonthly from January 1998 to D e c e m b e r 1999. Nine 40 m permanent transects that 
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were at least 10 m apart were laid perpendicularly from the shore starting from 0 m 
C D in each area. Underwater visual census were carried out on these transects. A t 
every five m interval along the transect, diver w o u l d stop for one m i n first. In the 
following five m i n , fishes within 2.5 m from the diver were identified to species 
level with the abundance of each species recorded. Based on his two year survey, 
data before the protection of reef fish assemblages in A M W and A Y W were obtained 
and used for the temporal comparison in this study. In the current study, those 
permanent transects used by T a m that fell within the core areas of A M W and A Y W 
were re-surveyed from s u m m e r 2002 to spring 2004 on a seasonal basis, covering 
s u m m e r , fall, winter and spring. Five and nine transects were within the core areas in 
A Y W and A M W respectively so they were sampled using the s a m e U V C method as 
T a m (2005). Species density data were obtained and compared with pre-protection 
data. 
3.4 Data analysis 
Data collected by T a m (2005) from January 1998 to D e c e m b e r 1999 were treated as 
pre-protection data of A M W and A Y W while data collected from July 2002 to M a y 
2004 in this study were treated as post-protection data of fish assemblages in these 
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t w o areas. T h e before and after protection analysis of fish assemblages w a s carried 
out for each area separately. M e a n density and species richness data were log ( n + 1 ) 
transformed before subjecting to any statistical test. Homogeneity of variances, 
which is an assumption of parametric statistics, w a s then tested for the transformed 
data set (Levene's Test of Equality of Variances). If the assumption w a s valid, 
one-way Analysis of Variance ( A N O V A ) w o u l d be performed to test for the 
significance of difference in m e a n density and m e a n species richness a m o n g years 
for each season. Tukey's test would be run as a post hoc test for the pair-wise 
comparison between years. O n the other hand, if the assumption w a s invalid, the 
non-parametric Kruskal-Wallis test would be used instead. 
Fish assemblage structures were compared a m o n g years for each season and each 
area separately using P R I M E R beta version 6.0. Species density data were 
fourth-root transformed to reduce effects of dominant species on the similarity index. 
Bray Curtis index w a s computed to measure the relative similarity of fish assemblage 
structures a m o n g samples. Multidimensional Scaling ( M D S ) plot and cluster 
analyses were used to visualize relationship between samples. Analysis of Similarity 
( A N O S I M ) w a s then used to test for the significance of difference in fish assemblage 
structures a m o n g years. Finally, Similarity Percentage ( S I M P E R ) analysis w a s 
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performed to pick u p the typical species within a particular group of samples and 
differentiating species between two groups of samples. Typical species of a particular 
year w a s taken as those species with contribution to similarity of 10 % or m o r e or 
those w h i c h were within the accumulated percentage of similarity of 50 % a m o n g all 
samples in that year. Species w o u l d be picked up as differentiating species between 
years if it satisfied either one of the two criteria: 1) its contribution to dissimilarity 
between areas w a s 10 % or higher; 2) it w a s a fishery target species that w a s present 
in both years under comparison and w a s within accumulated percentage of 
dissimilarity of 50 % between years. 
3.5 Results 
3.5.1 Temporal comparison of mean density and species richness among 
years 
3.5.1.1 Temporal comparison of m e a n density a m o n g years 
T h e response to protection can be quantified as a ratio of post-protection density to 
pre-protection density. Fish assemblage measures taken from s u m m e r 03 to winter 04 
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were used as the post-protection data while those taken in winter to fall 1999 were 
used as pre-protection data in the calculation. 
In A Y W , lowest density of reef fishes w a s often found in 1998 for all seasons except 
in spring, w h e n lowest density w a s found in 1999 (Figure 3.1). T h e ratio of 
post-protection density to pre-protection density ranged from 1.19 in fall to 1.60 in 
s u m m e r . Significant difference in m e a n density a m o n g years w a s only detected in 
fall and spring ( A N O V A , p < 0.05). In fall, m e a n density in 1998 w a s significantly 
lower than those in other years. In spring, m e a n densities in 2003 and 2004 were 
significantly higher than that in 1999 ( A N O V A , p < 0.05). 
In A M W , the ratio of post-protection density to pre-protection density w a s higher 
than that in A Y W . It ranged from 1.11 in winter to 2.91 in s u m m e r (Figure 3.2). 
Significant difference in m e a n density of reef fishes w a s found a m o n g years in 
s u m m e r and fall ( A N O V A , p < 0.05; Figure 3.2). In both seasons, density of reef 
fishes w a s higher in 2 0 0 2 and 2003, i.e. after the protection of fish assemblages w a s 
in place. In winter and spring，mean density w a s similar a m o n g years and thus no 
significant difference in m e a n density ( A N O V A , p > 0.05) could be found before and 
after the protection. 
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3.5.1.2 Temporal comparison of m e a n species richness a m o n g years 
In A Y W , ratio of post-protection to pre-protection species richness ranged from 0.84 
in s u m m e r to 1.65 in spring (Figure 3.3). Significant differences in m e a n species 
richness of reef fishes a m o n g years were found in all seasons 
(ANOVA/Kruskal-Wallis test, p < 0.05; Figure 3.3). Tukey's test s h o w e d that the 
m e a n species richness w a s significantly the lowest in 1998 for fall and winter 
samples or in 1999 for spring samples. 
In A M W , ratio of post-protection to pre-protection species richness ranged from 0.96 
in spring to 1.34 in fall (Figure 3.4). M e a n species richness w a s generally the lowest 
in 1998 except for winter w h e n the lowest value w a s recorded in 1999. Significant 
differences in m e a n species richness a m o n g years were found in s u m m e r and fall 
only ( A N O V A / K r u s k a l Wallis test, p < 0.05; Figure 3.4). Subsequent Tukey's test 
revealed significant difference in species richness (p < 0.05) between fall samples in 
1998 and 2002. 
3.5.2 Temporal comparison of fish assemblages structures among years in A 
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Ye Wan 
3.5.2.1 S u m m e r 
T h e M D S plot generated using s u m m e r species density data s h o w e d that samples 
from the s a m e year tended to be grouped closer together (Figure 3.5). Samples from 
2002 and 2003 formed overlapping groups that were clearly separated from groups 
of samples from 1998 and 1999. In the subsequently cluster analysis, samples from 
1998 separated from others at similarity level of about 50 % , which w a s followed by 
separation of 1999 samples from those of 2002 and 2003 at level of similarity of 
about 60 % (Figure 3.6). Results of A N O S I M analysis using year as a factor 
indicated significant differences in fish assemblage structures a m o n g years (Figure 
3.7). T h e global R value w a s greater than 0.750, suggesting that the samples formed 
well separated groups according to years. In S I M P E R analysis, Neopomacentrus 
bankieri provided the highest contribution in typifying samples from 1999, 2002 and 
2003 (Figure 3.8 A). Certain fishery target species like Siganus canaliculatus, Gerres 
macrosoma and Mugil cephalus cephalus were important typical species in 2002 and 
2003. Generally, fish assemblage structures of 2002 and 2003 were differentiated 
from those of 1998 and 1999 by the higher density of fishery target species (Figure 
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3.8 B). E x a m p l e s of these fishery target species included Upeneus vittatus and Mugil 
cephalus cephalus. 
3.5.2.2 Fall 
T h e grouping pattern of samples observed on the M D S plot in fall w a s similar to that 
in s u m m e r . Samples from the s a m e year tended to cluster together, with 2002 and 
2003 samples forming t w o overlapped groups (Figure 3.9). Samples of 1998 were 
highly dissimilar from those of other years, as indicated by the large separation 
distance between them. O n the dendrogram, 1998 samples completely separated 
from others at similarity level of about 50 % , while 1999 samples separated from 
those of 2002 and 2003 at similarity level of about 60 % (Figure 3.10). A N O S I M 
analysis s h o w e d significant differences in fish assemblage structures a m o n g years 
(Figure 3.11). T h e analysis yielded a global R value of 0.726, which indicated clear 
cut differences between groups of samples. Both Neopomacentrus bankieri and 
Halichoeres nigrescens had high contribution in typifying fish assemblage structures 
across the four sampling years ( S I M P E R analysis; Figure 3.12 A). T h e relative 
importance of Gerres macrosoma as a typical species w a s higher in 2002 and 2003 
than in 1998 and 1999. Higher density of fishery target species in 2002 and 2003 
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samples m a r k e d the uniqueness of these samples and w a s important in differentiating 
these samples from those of 1998 and 1999 (Figure 3.12 B). These fishery target 
species included Abudefduf bengalensis, Upeneus tragula Cephalopholis boenak, 
Upeneus vittatus and Mugil cephalus cephalus. 
3.5.2.3 Winter 
O n the M D S plot for the temporal comparison of winter samples, it w a s found that 
samples from 1998 scattered on the left hand side of the plot, whereas samples of 
1999, 2003 and 2 0 0 4 formed overlapping groups on the right hand side (Figure 3.13). 
Similar observation of grouping pattern w a s found on the corresponding dendrogram. 
A t approximately 50 % similarity level, samples of 1998 separated from a main 
group that w a s a mixture of samples from 1999, 2003 and 2004 (Figure 3.14). 
A N O S I M analysis demonstrated significant differences in fish assemblage structures 
a m o n g years (Figure 3.15). T h e global R value w a s equaled to 0.520. This indicated 
the overlapping nature of the four year groups. Fish species from the family Gobiidae 
w a s dominating the fish density in winter and consequently had the highest 
contribution in typifying the fish assemblage structures across the four sampling 
years (Figure 3.16 A). Higher density of fishery target species such as Abudefduf 
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bengalensis and Gerres macrosoma were important for the differentiation of 2003 
and 2 0 0 4 samples from those of 1998 and 1999 (Figure 3.16 B). 
3.5.2.4 Spring 
Clear grouping pattern based on the degree of protection and years w a s observed on 
the M D S plot of spring samples. Samples from pre-protection years (1998 and 1999) 
and post-protection years (2003 and 2004) separated on two sides of the plot (Figure 
3.17). Subsequently, samples were grouped according to the year w h e n they were 
collected. O n the dendrogram, it w a s found that pre-protection samples nearly 
completely separated from post-protection samples at similarity level of about 60 % 
(Figure 3.18). Significant differences in fish assemblage structures were found 
a m o n g years ( A N O S I M analysis, p < 0.05; Figure 3.19). T h e generated global R 
value of 0.519 meant that samples formed overlapping but clearly different groups 
according to year. Amblygobius phalaen, Istigobius diadema and Sebasticus 
marmoratus were important typical species in 1998 and 1999 samples (Figure 3.20 
A). In 2003 and 2004, the relative importance of the above species dropped. They 
were replaced by Neopomacentrus bankieri on the top rank. Density of fishery target 
species like Upeneus vittatus, Cephalopholis boenak and Abudefduf bengalensis 
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were generally higher in 2003 and 2004 and they were important in differentiating 
these samples from those of pre-protection years (Figure 3.20 B). 
3.5.3 Temporal comparison of fish assemblages structures among years in A 
Ma Wan 
3.5.3.1 S u m m e r 
In A M W , samples of s u m m e r 1998 scattered on the left hand side of the M D S plot, 
while samples of 1999, 2002 and 2003 formed three groups that overlapped with one 
another on the right hand side (Figure 3.21). Similar grouping pattern w a s observed 
on the dendrogram, where samples of 1999, 2002 and 2003 formed a main group at 
similarity level of 50 % (Figure 3.22). Fish assemblage structures were significantly 
different a m o n g years ( A N O S I M , p < 0.05; Figure 3.23). Global R value w a s close 
to 0.50, indicating the overlapping nature of the year groups. Neopomacentrus 
bankieri w a s the major typical species for samples of 1999, 2002 and 2003, but its 
contribution in typifying samples of 1998 w a s lower than 10 % so that it w a s not 
picked up as a typical species (Figure 3.24 A). Instead, Halichoeres nigrescens w a s 
the most important typical species for 1998 samples. Fishery target species were 
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important differentiating species between years (Figure 3.24 B). Higher density of 
Abudefduf bengalensis, Cephalopholis boenak, Upeneus vittatus, Upeneus tragula 
and Gerres macrosoma in 2002 and 2003 differentiated their samples from those of 
pre-protection years. 
3.5.3.2 Fall 
Segregation of samples from all years occurred on the M D S plot, with samples of 
2002 and 2003 clustered together on the left hand side of the plot while samples of 
1998 and 1999 occupying space on the right hand side (Figure 3.25). M o s t samples 
of 2002 and 2003 fell into a main group at 55 % similarity level on the dendrogram 
(Figure 3.26). A N O S I M analysis generated a global R value close to 0.50, which 
revealed mixing of samples a m o n g different year groups that were significantly 
different from each other (Figure 3.27). Neopomacentrus bankieri and Hailchoeres 
nigrescens were important typical species across the four sampling years ( S I M P E R 
analysis; Figure 3.28 A). T h e contribution of fishery target species in typifying fish 
assemblages increased in 2002 and 2003. These species included Abudefduf 
bengalensis, Gerres macrosoma and Cephalopholis boenak. A t the same time, higher 
density of these fishery target species had substantial contribution in causing the 
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dissimilarity of post-protection samples from pre-protection samples (Figure 3.28 B). 
3.5.3.3 Winter 
T h e temporal comparison a m o n g years of winter samples generated a M D S plot with 
stress level higher than 0.20 (Figure 3.29). Therefore, the relationship a m o n g these 
samples could not be represented effectively in a two-dimensional M D S plot. 
Nevertheless, on the dendrogram, two main groups were formed at 45 % similarity 
level (Figure 3.30). O n e group w a s composed of samples of 2003 and the other w a s 
mainly c o m p o s e d of samples from 1998 and 1999. Although subsequent A N O S I M 
analysis revealed significant differences in the fish assemblage structures a m o n g 
years, the degree of difference w a s small as s h o w n by the low global R value that 
w a s just equaled to 0.379 (Figure 3.31). Five fish species typified fish assemblage 
structures of these four years ( S I M P E R analysis; Figure 3.32 A). They were 
Neopomacentrus bankieri, Istigobius diadema, Amblygobius phalaena, Chromis 
notatus and Abudefduf bengalensis. The relative contribution of these typical species 
kept changing with years. O n c e again, fishery target species were dominating the list 
of differentiating species but none of them exhibited a consistently higher density 
a m o n g years (Figure 3.32 B). 
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3.5.3.4 Spring 
O n the M D S plot of spring samples, a group that w a s mainly c o m p o s e d of samples 
from 2003 and 2 0 0 4 w a s formed, whereas samples of 1998 and 1999 scattered 
widely in a horizontal and vertical manners respectively on the plot (Figure 3.33). A t 
approximately 60 % similarity level, samples of 2003 and 2004 clustered into one 
group and they were almost completely separated from those samples of 1998 and 
1999 (Figure 3.34). Again, A N O S I M analysis s h o w e d significant differences in fish 
assemblage structures a m o n g years (Figure 3.35). Global R value generated w a s 
close to 0.50, indicating an overlapping grouping pattern of samples with respect to 
years. S I M P E R analysis indicated that Neopomacentrus bankieri and Halichoerese 
nigrescens were always two of the top three typical species for all sampling years 
(Figure 3.36 A). Comparing pre-protection years with post-protection years, it w a s 
found that the abundance of fishery target species w a s higher in post-protection years 
in most cases and this led to the differentiation of fish assemblage structures between 
these two groups of samples (Figure 3.36 B). 
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3.6 Discussion 
3.6.1 Effects of protection on mean density and species richness of fish 
assemblages 
Before the designation of T u n g Ping C h a u as the fourth marine park in H o n g K o n g , 
A Y e W a n and A M a W a n had been heavily fished by both local and mainland 
Chinese fishers. Various kinds of fishing gears were used and s o m e of the fishing 
methods e.g. use of dynamite, were destructive to the marine habitat. T h e fish 
assemblages in the two areas were under a state of heavy exploitation. After the 
establishment of the T u n g Ping C h a u Marine Park, it is expected that cessation of 
fishing in A M a W a n and A Y e W a n would bring positive effects to their fish 
assemblages, with enhancement in their density, biomass and species richness. 
In the current study, temporal comparison of m e a n density and species richness 
before and after protection of A Y e W a n and A M a W a n were performed for each 
season separately. T h e response to protection w a s quantified as a ratio of 
post-protection density/species richness to pre-protection density/species richness. 
For both areas, the ratio for fish density w a s higher than one for all seasons, 
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suggesting that there w a s s o m e enhancement effect on the m e a n fish density after 
protection. Russ (2002) calculated the ratio of final density to initial density of fishes 
in several reserves with different years of protection. H e found that the ratio ranged 
from 1.3 (in one year) to 13.5 (in three years). H e suggested that the extremely high 
ratio in s o m e reserves m a y result from very successful recruitment soon after closure 
of these reserves. For five studies with reasonable duration of protection (six to 11 
years at Leigh, Malindi, Sumilon, A p o and Sumilon Nonreserve), Russ revealed 
relatively low ratio of 3.9, which w a s comparable to those found in the current study. 
Significant difference in m e a n density a m o n g years w a s found in fall and spring for 
A Y W and s u m m e r and fall for A M W . Generally, post-protection years had 
significantly higher m e a n density than pre-protection years, with the degree of 
difference being higher in A M W . Both A Y W and A M W s h o w e d no significant 
difference in m e a n density in winter. This is probably due to hiding or migration of 
fishes to deeper areas, resulted in low abundance of fishes in different years 
irrespective of the state of protection (also see Chapter 2 for m o r e discussion about 
this). 
In contrast, species richness of reef fishes showed w e a k response to protection. Ratio 
of post-protection to pre-protection species richness in A Y W ranged from 0.84 in 
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s u m m e r to 1.65 in spring, while the ratio w a s between 0.96 in spring and 1.34 in fall 
for A M W . Significant differences in m e a n species richness were found a m o n g years 
in both areas (one-way A N O V A / Kruskal-Wallis test, p < 0.05). In A Y W , significant 
differences were found in all seasons while in A M W , differences were significant in 
s u m m e r and fall only. Again, species richness in post-protection years w a s generally 
significantly higher than that in pre-protection years in both areas. 
3.6.2 Effects of protection on fish assemblage structures 
With cessation of fishing in protected areas, abundance of fishery target species m a y 
increase as a result of lower fishing mortality. Consequently, the increase in their 
abundance m a y lead to alternation of fish assemblage structures after protection. In 
the current study, fish assemblage structures were temporally compared a m o n g 
different sampling years that were before (1998 and 1999) and after protection (2002, 
2003, 2004) in A Y W and A M W . Generally, fish assemblage structures in 
post-protection years were dissimilar from those in pre-protection years, as s h o w n on 
M D S plots. For example, in s u m m e r of A Y W , samples of 2002 and 2003 tended to 
cluster together to form a group that w a s separated from samples of 1998 and 1999 
(Figure 3.5). Similar grouping patterns were observed in fall and spring samples 
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from both A Y W and A M W . T h e dissimilarity between post-protection and 
pre-protection years m a y be due to alteration of fish assemblage structures brought 
about b y protection. Cluster analysis of fish density data also demonstrated this 
grouping pattern. Samples of post-protection years segregated from those of 
pre-protection years and clustered into one group at 55 to 60 % similarity level for all 
seasons except winter in A Y W , and fall and spring in A M W . Subsequent A N O S I M 
analysis consolidated the conclusion about the dissimilarity a m o n g years, showing 
significant differences in fish assemblage structures a m o n g years for all seasons in 
A Y W and A M W . 
Evidences of protection effects in altering fish assemblage structures in both A Y W 
and A M W b e c a m e m o r e obvious with S I M P E R analysis. Density of fishery target 
species b e c a m e higher after protection and this w a s important in the differentiation 
of fish assemblage structures in post-protection years. For example, in fall samples 
from A Y W , the densities of Abudefduf bengalensis, Cephalopholis boenak, Gerres 
macrosoma, Mugil cephalus cephalus, Upeneus vittatus and Upeneus tragula were 
consistently higher in 2002 and 2003 than in 1998 and 1999. Based on personal 
observation in other fishing areas and the angler survey carried out in the recreational 
fishing areas of T u n g Ping C h a u Marine Park from September 2002 to April 2003, 
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these spccios were often caught by hook and lines, fish cages and gill nets in large 
number (Ang et. al.. 2004b). They highly contributed to the dissimilarity in these fish 
assemblage structures. Similar conclusion could also be drawn from the temporal 
comparison of fall and spring samples from AYW, and of samples of all seasons 
except winter Ironi AMW. 
Cessation of fishing in both AYW and AMW, although only over a period of three 
years since 20()1. had already led to enhanced abundance of fishery target species. 
Consequently, this resulted in differentiation of fish assemblage structures between 
pre-protection and post-protection years. 
3.7 Conclusion 
Temporal comparison of fish assemblages in AYW and A M W revealed enhancement 
effects of protection. Generally, post-protection years had significantly higher mean 
fish density than pre-protection years in both AYW and AMW. In contrast, mean 
species richness of fishes only showed weak response to protection. Fish assemblage 
structures in post-protected years were dissimilar from those of pre-protected years 
as indicated on the MDS plots and dendrograms. ANOSIM analysis reported 
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significant difference in fish assemblage structures between years in A Y W and A M W 
in all sampling seasons. After protection of A Y W and A M W , density of fishery target 
species b e c a m e higher and this w a s important in the differentiation of fish 
assemblage structures in post-protection years from pre-protection years. 
This approach of comparing pre-protection and post-protection data to detect the 
enhancing effect of protection on fish assemblages clearly indicates the utility of 
marine protected areas as a tool for fishery protection and conservation. It is the first 
time that this effect has been unequivocally presented in H o n g K o n g . This certainly 
provides a strong argument for further establishment of m o r e marine protected areas 
in H o n g K o n g as a w a y to conserve not just the fishery resources but for the 
protection of marine environment of H o n g K o n g in general. 
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Figure 3.1. M e a n density ( + S D ) of reef fishes (number per m
2
) in 1998, 
1999，2002，2003 and 2 0 0 4 of each sampling season in A Y e 
W a n . F values from A N O V A and level of significance 
indicated, with df = 3. Asterisk indicates that Kruskal-Wallis 
test w a s performed instead of o n e - w a y A N O V A . Years denoted 
b y s a m e letter indicate that statistically they have the s a m e 
m e a n (Tukey's test, p > 0.05). N o t e different scale used for data 
from winter. 
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Figure 3.2. M e a n density ( + S D ) of reef fishes (number per m
2
) in 1998, 
1999, 2002, 2003 and 2004 of each sampling season in A M a 
W a n . F values from A N O V A and level of significance 
indicated, with df = 3. Years denoted b y s a m e letter indicate 
that statistically they have the s a m e m e a n (Tukey's test, p > 
0.05). Note different scale used for data from different seasons. 
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Figure 3.3. M e a n species richness ( + S D ) of reef fishes ( n u m b e r per m
2
) in 
1998, 1999, 2 0 0 2 , 2 0 0 3 and 2 0 0 4 of each sampling season in A 
Y e W a n . F values from A N O V A and level of significance 
indicated, with df = 3. Asterisk indicates that Kruskal-Wallis 
test w a s performed instead of o n e - w a y A N O V A . Years denoted 
b y s a m e letter indicate that statistically they have the s a m e 
m e a n (Tukey's test, p > 0.05). N o post-hoc test w a s carried out 
for analysis using Kruskal-Wallis test. 
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Figure 3.4. Mean species richness (+SD) of reef fishes (number per m2) in 
1998，1999，2002, 2003 and 2004 of each sampling season in A 
Ma Wan. F values from ANOVA and level of significance 
indicated, with df = 3. Asterisk indicates that Kruskal-Wallis 
test was performed instead of one-way ANOVA. Years denoted 
by same letter indicate that statistically they have the same 
mean (Tukey's test, p > 0.05). No post-hoc test was carried out 
for analysis using Kruskal-Wallis test. 
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Figure 3.5. MDS plot for the temporal comparison of fish assemblage 
structures in A Ye Wan using species density data in summer 
1998, 1999，2002 and 2003. F = pre-protection fishing period 
(1998, 1999). P = protection period (2002，2003). Each point 
represents data from one transect. Samples from 2002 and 2003 
form two overlapping groups (enclosed by black outline) and 
separate from samples from 1998 and 1999 (enclosed by red 
outline). 
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Figure 3.6. Dendrogram for the temporal comparison of fish assemblage 
structures in A Ye Wan using species density data in summer 
1998, 1999，2002 and 2003. F and P as in Figure 3.5. Each point 
represents data from one transect. Samples from 1998 and 
samples from 1999 separated from samples from 2002 and 2003 
at similarity levels of 50 % and 60 % respectively (underlined). 
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Figure 3.7. Results of ANOSIM analysis for the temporal comparison of 
fish assemblage structures in A Ye Wan using species density 
data in summer 1998，1999，2002 and 2003. Global R = 0.753, 
P < 0.05. Upper figure represents the r value and lower one the 
significance level for the pair-wise comparison. 
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Figure 3.9. MDS plot for the temporal comparison of fish assemblage 
structures in A Ye Wan using species density data in fall 1998, 
1999, 2002 and 2003. F and P as in Figure 3.5. Each point 
represents data from one transect. Samples from 2002 and 2003 
form two overlapping groups (enclosed by black outline) and 
separate from samples from 1998 and 1999 (enclosed by red 
outline). 
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Figure 3.10. Dendrogram for the temporal comparison of fish assemblage structures in A 
Ye Wan using species density data in fall 1998，1999, 2002 and 2003. F and 
p as in Figure 3.5. Each point represents data from one transect. Samples 
from 1998 and samples from 1999 separated from samples from 2002 and 
2003 at similarity levels of about 50 % and 60 % respectively (underlined). 
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Figure 3.11. Results of ANOSIM analysis for the temporal comparison of 
fish assemblage structures in A Ye Wan using species density 
data in fall 1998, 1999, 2002 and 2003. Global R = 0.726，p < 
0.05. Upper figure represents the r value and lower one the 
significance level for the pair-wise comparison. 
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Figure 3.13. M D S plot for the temporal comparison of fish assemblage 
structures in A Y e W a n using species density data in winter 
1998, 1999，2003 and 2004. F = pre-protection fishing period 
(1998, 1999). P - protection period (2003，2004). E a c h point 
represents data from one transect. Samples from 1998 scattered 
o n the right h a n d side of the plot. 
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Figure 3.14. D e n d r o g r a m for the temporal comparison of fish assemblage 
structures in A Y e W a n using species density data in winter 1998， 
1999, 2 0 0 3 and 2004. F and P as in Figure 3.13. E a c h point 
represents data from one transect. Samples from 1998 separated 
from those samples from the other years (underlined) at a similarity 
level of 50 % . 
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Figure 3.15. Results of A N O S I M analysis for the temporal comparison of 
fish assemblage structures in A Y e W a n using species density 
data in winter 1998，1999，2003 and 2004. Global R 二 0.520, p 
< 0.05. U p p e r figure represents the r value and lower one the 
significance level for the pair-wise comparison. 
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Figure 3.17. MDS plot for the temporal comparison of fish assemblage 
structures in A Ye Wan using species density data in spring 
1998，1999, 2003 and 2004. F and P as in Figure 3.13. Each 
point represents data from one transect. Samples from 
pre-protection years and post-protection years separate on two 
sides of the plot. 
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Figure 3.18. Dendrogram for the temporal comparison of fish assemblage 
structures in A Ye Wan using species density data in spring 1998, 
1999，2003 and 2004. F and P as in Figure 3.13. Each point 
represents data from one transect. Samples from 2003 and 2004 form 
a distinct group (underlined) at a similarity level of about 60 %. 
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Figure 3.19. Results of ANOSIM analysis for the temporal comparison of 
fish assemblage structures in A Ye Wan using species density 
data in spring 1998, 1999，2003 and 2004. Global R 二 0.670，p 
< 0.05. Upper figure represents the r value and lower one the 
significance level for the pair-wise comparison. 
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Figure 3.21. M D S plot for the temporal comparison of fish assemblage 
structures in A M a W a n using species density data in s u m m e r 
1998, 1999，2002 and 2003. F and P as in Figure 3.5. E a c h 
point represents data from one transect. Samples from 1999, 
2 0 0 2 and 2003 (enclosed) overlap o n the right-hand side of the 
plot. 
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Figure 3.22. D e n d r o g r a m for the temporal comparison of fish assemblage 
structures in A M a W a n using species density data in s u m m e r 
1998, 1999，2002 and 2003. F and P as in Figure 3.5. E a c h point 
represents data from one transect. Samples from 1999，2002 and 
2003 form a group (underlined) at a similarity level of 50 % . 
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Figure 3.23. Results of A N O S I M analysis for the temporal comparison of 
fish assemblage structures in A M a W a n using species density 
data in s u m m e r 1998, 1999，2002 and 2003. Global R = 0.550, 
p < 0.05. U p p e r figure represents the r value and lower one the 
significance level for the pair-wise comparison. 
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Figure 3.25. M D S plot for the temporal comparison of fish assemblage 
structures in A M a W a n using species density data in fall 1998， 
1999, 2002 and 2003. F and P as in Figure 3.5. Each point 
represents data from one transect. Samples from 1998 and 1999 
cluster on the left hand side while samples from 2002 and 2003 
cluster on the right hand side of the plot. 
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Figure 3.26. Dendrogram for the temporal comparison of fish assemblage 
structures in A M a W a n using species density data in fall 1998， 
1999, 2002 and 2003. F and P as in Figure 3.5. Each point 
represents data from one transect. M o s t samples from 2002 and 
2003 form a group (underlined) at a similarity level of 55 % . 
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Figure 3.27. Results of A N O S I M analysis for the temporal comparison of 
fish assemblage structures in A M a W a n using species density 
data in fall 1998, 1999，2002 and 2003. Global R = 0.471, p < 
0.05. U p p e r figure represents the r value and lower one the 
significance level for the pair-wise comparison. 
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Figure 3.29. M D S plot for the temporal comparison of fish assemblage 
structures in A M a W a n using species density data in winter 
1998, 1999，2003 and 2004. F and P as in Figure 3.13. Each 
point represents data from one transect. N o distinct groups are 
formed. 
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Figure 3.30. Dendrogram for the temporal comparison of fish assemblage structures 
in A M a W a n using species density data in winter 1998, 1999, 2003 
and 2004. F and P as in Figure 3.13. Each point represents data from 
one transect. T w o groups (underlined) are observed at a similarity level 
of 45 % . O n e mainly composed of samples from 1998 and 1999 and 
the other one composed of samples from 2003. 
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Figure 3.31. Results of A N O S I M analysis for the temporal comparison of 
fish assemblage structures in A M a W a n using species density 
data in winter 1998, 1999, 2 0 0 3 and 2004. Global R = 0.397，p 
< 0.05. U p p e r figure represents the r value and lower one the 
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Figure 3.33. M D S plot for the temporal comparison of fish assemblage 
structures in A M a W a n using species density data in spring 
1998，1999, 2003 and 2004. F and P as in Figure 3.13. E a c h 
point represents data from one transect. Samples from 2003 and 
2 0 0 4 (enclosed) are m o r e distinct and form a group. 
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Figure 3.34. D e n d r o g r a m for the temporal comparison of fish assemblage 
structures in A M a W a n using species density data in spring 
1998, 1999，2003 and 2004. F and P as in Figure 3.13. E a c h 
point represents data from one transect. Samples from 2003 and 
2004 form a group (underlined) at a similarity level of about 60 % . 
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Figure 3.35. Results of ANOSIM analysis for the temporal comparison of 
fish assemblage structures in A Ma Wan using species density 
data in spring 1998，1999，2003 and 2004. Global R = 0.519，p 
< 0.05. Upper figure represents the r value and lower one the 
significance level for the pair-wise comparison. 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































Chapter 4 Summary and Perspectives 
4.1. Major findings of the present study 
In this study, reef fish assemblages in eight sampling areas located at the northeastern 
part of H o n g K o n g were sampled. These included A Y e W a n ( A Y W ) , A M a W a n 
( A M W ) , C h a u M e i ( C M ) and C h a u Tau ( C T ) in T u n g Ping C h a u Marine Park, Coral 
B e a c h ( C B ) and M o o n Island (MI) in H o i H a W a n Marine Park, and W u Pai ( W P ) 
and C h e u n g Shek Tsui ( C S T ) outside any marine park. Major findings about the 
effects of season, habitat complexity and degree of protection on fish assemblages in 
these eight sampling areas can be summarized below. 
1. M e a n density, m e a n biomass and m e a n species richness of fishes changed with 
seasons. Generally, values of these three parameters were lowest in winter and 
highest in either s u m m e r or fall. Hiding behavior and/or migration of fishes to 
deeper areas during winter are possible reasons for the low value recorded in 
winter. 
2. Recruitments of Neopomacentrus bankieri, Pagrus major and Sebasticus 
marmoratus appeared in large aggregations in spring in all sampling areas. The 
2 4 7 
b l o o m in recruitment led to considerable increase in m e a n fish density. 
3. Fish assemblage structures were significantly different a m o n g seasons in all 
sampling areas ( A N O S I M analysis). Winter samples were highly dissimilar 
from samples from the other seasons as observed on the M D S plots and 
dendrograms generated by species density and species biomass data. Results of 
S I M P E R analysis s h o w e d that winter samples were differentiated from the 
others by low density and biomass of fishes. High density of fish recruits in 
spring m a r k e d the uniqueness of spring samples. Higher density and biomass of 
fishes in s u m m e r differentiated s u m m e r samples from those from other seasons. 
4. Significant effect of habitat complexity w a s detected on fish density. In contrast, 
the relationship of fish biomass and species richness with habitat complexity 
w a s often not significant. 
5. E n h a n c e m e n t effects of protection on fish density and biomass were detected 
from the spatial comparison of fish assemblages between protected and fished 
areas. H o w e v e r , no obvious enhancement effect w a s detected on fish species 
richness. 
6. Enhancement effects of protection were detected from the spatial comparison of 
fish assemblage structures between protected and fished areas. A N O S I M 
analysis s h o w e d that fish assemblage structures were significantly different 
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between sampling areas in all sampling seasons. Samples from protected areas 
were dissimilar from samples from the fished areas as s h o w n on the M D S plots 
and dendrograms. S I M P E R analysis s h o w e d that higher density and biomass of 
fishery target species in protected areas were important in differentiating their 
samples from those from the fished areas. 
7. Fish assemblages were benefited by protection as detected in the temporal 
comparison of fish assemblages in A Y W and A M W . M e a n fish density w a s 
generally higher in post-protected years (2002 to 2004) than in pre-protected 
years (1998 and 1999) in both areas. Temporal comparison of fish assemblage 
structures in A Y W and A M W showed that higher density and biomass of fishery 
target species in post-protected years led to differentiation of their samples from 
those from pre-protected years. 
8. S u m m e r and fall are the best seasons for the monitoring of protection effects on 
fish assemblages inside protected areas. It is because fish assemblages in the 
two seasons are not affected by large n u m b e r of fish recruits. Furthermore, 
non-cryptic fish species are generally active during the two seasons. 
4.2. Significance and implications of the present study 
2 4 9 
This study provides a comprehensive investigation about the effects of protection on 
fish assemblages in A Y W and A M W of T u n g Ping C h a u Marine Park of H o n g K o n g . 
F r o m the literature, it is found that most researches tried to study the protection 
effects o n fish assemblages either through spatial comparison between protected and 
fished areas or temporal comparison of fish assemblages in protected areas before 
and after their protection, but rarely both. Russ (2002) criticized that the use of 
spatial or temporal comparison alone would be insufficient to provide concrete 
evidences about the enhancement effects of protection on fish assemblages within 
marine protected areas. It is because no one can be sure if difference in fish 
assemblages between protected and fished areas is a result of protection or is simply 
caused by differences in environmental settings between them. This present study 
fully addressed this criticism. In this study, both spatial and temporal comparisons 
were used to find out the protection effects on fish assemblages in A Y W and A M W . 
Moreover, effects of seasons and habitat complexity on fish assemblages were also 
examined at the s a m e time so that protection effects could be assessed while 
considering the seasonal variations and difference in habitat complexity between 
protected and fished areas. A s summarized by Russ (2002), out of 25 studies on 
protection effects, only four (16 % ) of them employed spatial and temporal 
comparisons using before and after data. Therefore, the current study is one of the 
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few that are able to provide unequivocal evidences of the positive effects of 
protection o n the fish assemblages in marine protected areas. 
Results from both spatial and temporal comparisons of fish assemblages in the 
current study s h o w e d that protection led to increase in fish density and fish biomass 
in the protected areas, A Y W and A M W . Consequently, this caused the differentiation 
of fish assemblage structures in both areas. These findings support the success of 
T u n g Ping C h a u Marine Park in conserving its fish assemblages. T h e m a n a g e m e n t 
strategy of T u n g Ping C h a u Marine Park, which included the designation of core 
areas ( A Y W and A M W ) and recreational fishing areas ( C M and C T ) in the same 
marine park, is able to achieve the goal of conservation while at the same time 
considering the needs of recreational fishers. H o w e v e r , poachers are still operating in 
A Y W and A M W . Effective enforcement is necessary to maintain the enhancement 
effects on fish assemblages. Moreover, it cannot be ascertained at the m o m e n t if any 
spillover of adult fishes (spillover effect) and/or net output of larvae (recruitment 
effect) from A Y W and A M W to surrounding fished areas occurred. E v e n if spillover 
and/or recruitment effects existed, the influence on local fishery stocks should be 
minimal given the small total sizes of A Y W and A M W and other existing marine 
parks and marine reserves in H o n g K o n g . Therefore, m o r e and larger protected areas 
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should be designated for the conservation and enhancement of H o n g K o n g fishery 
stocks. Recently, the H o n g K o n g S A R G o v e r n m e n t is proposing to establish fisheries 
protection areas in Tolo Harbour and Port Shelter, the combined area of which is 
m a n y times larger than the marine area currently under protection. F r o m the results 
of the current study, it is anticipated that this measure should be able to lead to 
enhancement of fish assemblages within the proposed protection areas. 
4.3 Perspectives for further study 
Seven expectations on the benefits of marine protected areas were pointed out by 
Russ (2002) (see Chapter 1). T w o of these have been clearly demonstrated in the 
current study: higher density and biomass of fishes inside protected areas. Whether 
fishes in marine protected areas in H o n g K o n g attain larger sizes and/or produce 
m o r e eggs/larvae remain unanswered. These are s o m e of the questions that can be 
addressed in future studies. Moreover, the effects of marine protected areas on areas 
outside their boundaries, i.e. the spillover effect and recruitment effect cannot be 
easily examined. This is hampered by the lack of data on fish assemblages in fished 
areas before the establishment of protected areas. A s a result, it is impossible to 
compare temporal changes of fish assemblages in fished areas that can be attributed 
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to protection effects. Monitoring of the existing protected areas, i.e. A Y W and A M W 
should continue in order to keep track of changes in their fish assemblages. 
Furthermore, future studies should focus not just on the fish assemblages in potential 
marine protected areas but should also examine the baseline information in other 
fished areas. T h e marine protected areas in H o n g K o n g m a y eventually truly serve 
their purposes and evidences of their enhancement effects on fish assemblages m a y 
serve to justify the financial cost and time invested by different sectors of H o n g 
K o n g society. 
2 5 3 
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Appendix 1. List of reef fishes found in the present study. 
Family Scientific Name Common Name 
Acanthuridae Acanthurus dussumieri (Valenciennes, 1835) Eyestripe Surgeonfish 
Apogonidae Apogon doederleini (Jordan & Synder, 1901) Doederlein's Cardinalfish 
Apogon fasciatus (Shaw, 1790) Twostriped Cardinalfish 
Apogon niger (Jordan & Synder，1901) Dark Cardinalfish 
Apogon pseudotaeniatus (Gon, 1986) Two-banded Cardinalfish 
Apongon semilmeatus (Temminck & Schlegel, 1842) Barface cardinalfish 
Archamia dispilus (Lachner, 1951) Bloodspot Cardinalfish 
Archamia goni (Chen & Shao, 1993) Gon's Cardinalfish 
Cheilodipterus artus (Smith, 1961) Wolf cardinalfish 
Aulostomidae Aulostomus chinensis (Linnaeus, 1766) Trumpet Fish 
Blenniidae Entomacrodus stellifer lighti (Herre, 1938) Stellar Rockhopper 
Meiacanthus grammistes (Valenciennes, 1836) Striped Fang Blenny 
Parablennius thysanius (Jordan & Seale, 1907) Tasseled blenny 
Petroscrites breviceps (Valenciennes, 1836) Striped Poison Fangblenny Mimic 
Plagiotremus rhinorhynchos (Bleeker, 1852) Bluestriped Fangblenny 
Plagiotremus tapeinosoma (Bleeker, 1857) Piano Blenny 
Bothidae Bothus pantherinus (Ruppell, 1830) Leopard Flounder 
Callionymidae Dactylopus dactylopus (Valenciennes, 1837) Fingered Dragonet 
Caragidae Carangoidespraeustus (Bennett, 1830) Blacktip Jack 
Selaroides leptolepis (Cuvier, 1833) Yellowstripe Scad 
Chaetodontidae Chaetodon auriga (Forsskal, 1775) Threadfin Butterflyfish 
Chaetodon auripes (Jordan & Snyder, 1901) Oriental Butterflyfish 
Chaetodon lineolatus (Cuvier, 1831) Lined Butterflyfish 
Chaetodon lunula (Lacepede, 1803) Racoon Butterflyfish 
Chaetodon melannotus (Bloch & Schneider, 1801) Blackbacked Butterflyfish 
Chaetodon octofasciatus (Bloch, 1787) Eight-banded Butterflyfish 
Chaetodonplebeius (Cuvier, 1831) Blue-blotch Butterflyfish 
Chaetodon speculum (Cuvier, 1831) Ovalspot Butterflyfish 
Chaetodon wiebeli (ICaup, 1863) Hong Kong Butterflyfish 
Echeneidae Echeneis naucrates (Linnaeus, 1758) Live Sharksucker 
Fistularidae Fistularia commersonii (Ruppell, 1838) Cornetfish 
Gerreidae Gerresfilamentosus (Cuvier, 1829) Whipfin Silver-Biddy 
Gerres macrosoma (Bleeker, 1854) Bulky Mojarra 
Gobiidae Amblyeleotris gymnocephala (Bleeker, 1853) Nakehead Shrimpgoby 
Amblygobius phalaena (Valenciennes, 1837) Banded Goby 
Asterropteryx semipunctatus (Ruppell, 1830) Starry Goby 
Bathygobius mehhetti (Hora & Mukerji, 1936) Meggett's Goby 
Cryptocentrus cinctus (Herre, 1936) Yellow Shrimpgoby 
Cryptocentrus leptocephalus (Bleeker, 1876) Pinky Shrimpgoby 
Cryptocentrus strigilliceps (Jordan & Seale, 1906) Target Shrimpgoby 
Istigobius decoratus (Herre, 1927) Decorated Goby 
Istigobius diadema (Steindachner, 1876) Urchin Goby 
Valenciennea immaculata (Ni, 1981) Red-lined Sleeper 
Valenciennea mural is (Valenciennes, 1837) Striped Goby 
Haemulidae Diagramma Pictum (Thunberg, 1792) Painted sweetlip 
Holocentridae Sargocentron rubrum (Forsskal, 1775) Redcoat 
Kyphosidae Girella melanichthys (Richardson, 1846) Black nibbler 
Microcanthus strigatus (Cuvier, 1831) Stripey 
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Appendix 1. List of reef fishes found in the present study (cont'd). 
Family Scientific Name Common Name 
Labridae Cheilinus chlorourus (Bloch, 1791) Floral Wrasse 
Choerodon anchorago (Bloch, 1791) Orange-dotted tuskfish 
Choerodon schoenleinii (Valenciennes, 1839) Blackspot tuskfish 
Halichoeres nigrescens (Block & Schneider, 1801) Diamond Wrasse 
Labroides dimidiatus (Valenciennes, 1839) Blue-streak Cleaner Wrasse 
Pteragogus enneacanthus (Bleeker, 1852) Cockerel wrasse 
Stethojulis bandanensis (Bleeker, 1851) Red-shoulder Wrasse 
Stethojulis interrupta (Bleeker, 1851) Cutribbon Wrasse 
Suezichthys gracilis (Steindachner & Doderlein, 1887) Slender Wrasse 
Thalassoma lunare (Linnaeus, 1758) Crescent Wrasse 
Lutjanidae Caesio teres (Seale, 1906 ) Yellowback Fusilier 
Lutjanus russellii (Bleeker, 1849) Russell's Snapper 
Microdesmidae Parioglossus dotui (Tomiyama, 1958) Striped Dartfish 
Ptereleotris microlepis 广Bleeker, 1856) Blue gudgeon 
Monacanthidae Monacanthus chinensis (Osbeck, 1765) Chinese Filefish 
Stephanolepis cirrhifer (Temminck & Schlegel, 1850) Treadsail filefish 
Mugilidae Mugil cephalus cephalus (Linnaeus, 1758) Grey Mullet 
Mullidae Parupeneus cHiatus (Lacepede, 1801) Whitesaddle Goatfish 
Parupeneus indicus (Shaw, 1803) Indian Goatfish 
Parupeneus multifasciatus (Quoy and Gaimard, 1824) Manybar Goatfish 
Upeneus tragula (Richardson, 1846) Freckled Goatfish 
Upeneus vittatus (Forsskal, 1775) Yellowbanded Goatfish 
Muraenidae Gymnothorax flavimarginatus (Ruppell, 1830) Yellow-edged Moray 
Gymnothorax reticularis (Bloch, 1795) Netted Moray 
Nemipteridae Scolopsis vosmeri (Bloch, 1792) Whitecheek monocle bream 
Pempheridae Pempheris schwenkii (Bleeker, 1855) Schwenk's Sweeper 
Pinguipedidae Parapercis snyderi (Jordon & Starks, 1905) U-mark Sandperch 
Pomacanthidae Pomacanthus semicirculatus (Cuvier, 1831) Semicircle Angelfish 
Abudefduf bengalensis (Bloch, 1787) Bengal Sergeant 
Abudefduf sexfasciatus (Lacepede, 1801) Scissor-tail Sergeant 
Abudefduf sordidus (Forsskal, 1775) Blackspot Sergeant 
Abudefduf vaigiensis (Quoy & Gaimard, 1825) Indo-Pacific sergeant 
Amphiprion clarkii (Bennett, 1830) Clark's Anemonefish 
Chromis notatus (Temminck & Schlegel, 1843) Pearl-spot Chromis 
Dascyllus reticulatus (Richardson, 1846) Reticulate Dascyllus 
Neopomacentrus bankieri (Richardson, 1846) Chinese Demoiselle 
Pomacentrus coelestis(iordan & Starks, 1901) Neon Demoiselle 
Ste^astes obreptus (Whitley, 1948) Western Gregory 
Priacanthidae Priacanthus macracanthus (Cuvier, 1829) Red bigeye 
Scaridae Scarus ghobban (Forsskal, 1775) Blue-barred Parrotfish 
Scorpaenidae Dendrochirus zebra (Quoy & Gaimard, 1825) Zebra Turkeyfish 
Pterois volitans (Linnaeus, 1758) Red Lionfish 
Scorpaenopsis cf. cirrhosa (Thunberg, 1793) Weedy Stingfish 
Scorpaenopsis diabolus (Cuvier, 1829) Devil Scorpionfish 
Sebasticus marmoratus (Curvier, 1829) Marbled Rockfish 
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Appendix 1. List of reef fishes found m the present study (cont'd). 
Family Scientific Name Common Name 
Serranidae Cephalopholis boenak (Bloch, 1790) Chocolate Hind 
Cromileptes altivelis (Valenciennes, 1828) Humpback grouper 
Diploprion b if as datum (Cuvier, 1828) Two-banded Sea-perch 
Epinephelus akaara (Temminck & Schelgel，1842) Hong Kong grouper 
Epinephelus bleekeri (Vaillant, 1877) Duskytail Grouper 
Epinephelus bruneus (Bloch, 1793) Mud grouper 
Epinephelus merra (Bloch, 1793) Honeycomb grouper 
Plectropomus leopardus (Lacepede, 1802) Leopard coral grouper 
Siganidae Siganus canaliculatus (Park, 1797) Seagrass Rabbitfish 
Sparidae Acanthopagrus schlegeli (Bleeker, 1854) Black porgy 
Pagrus major (Temminck &Schlegel, 1843) Red Seabream 
Syngnathidae Doryrhamphus dactyliophorus (Bleeker, 1853 ) Ringed Pipefish 
Synodontidae Saurida gracilis (Quoy & Gaimard, 1824) Graceful Lizardfish 
Tetraodontidae Arothron hispidus ((Linnaeus, 1758) White-spotted puffer 
Chelonodon patoca (Hamilton, 1822) Milkspotted Pufferfish 
Takifugu alboplumbeus (Richardson, 1846) Hong Kong Pufferfish 
Zanclidae Zanclus cornutus (Linnaeus, 1758) [Moorish Idol 
Total no. of species 121 
Total no. of family 36 
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